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EMERY 


THE PROBLEM: A leading manufacturer 
wished to accurately read loads on a dy- 
namometer for testing engines. 

The torque measuring system they were 
using failed to provide accurate or usable 
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readings; external vibration was present 
and the system went into resonant vibra- 
tion at points where accurate readings 
were most desired. Even minor variations 
in the load produced erratic readings. 


HOW EMERY SOLVED THIS PROBLEM 


HIGH NATURAL FREQUENCY: A typical Emery 
cell has a deflection of less than .005” for full ca- 
pacity and a high natural resonant frequency of 
40,000 cycles per minute. This frequency was far 
above the external disturbing frequencies en- 
countered in the above problem (and actually far 
above any such disturbances found in usual ap- 
plications). A precise and steady dial reading is 
now obtained over the full range of testing speeds. 


FAST RESPONSE: With the Emery system, full 
scale indicator reading is obtained in less than 
%2 second. This inherent speed is unusual and im- 
portant, but an even greater advantage of the 
Emery system is its 


CONTROLLED READABILITY: Response of the 
indicator can be that of the inherent fast speed 
above, or it can be controlled by one simple 
Emery valve to follow and read load fluctuations, 
or to provide a steady reading of the mean value 
of a vibrating load. This control was another 
major factor in solving the problem described 
above, and in many other installations. 
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INCONEL 


INCONEL®, a wrought nickel-chromium-iron alloy, is 
noted for its strength and resistance to oxidation at high 
temperatures. A structurally stable alloy, INCONEL 
does not lose its toughness or ductility, due to internal 
structural changes, even after long exposure to high 
temperatures. It is particularly useful for service involv- 
ing high temperatures, cyclic heating and cooling, and 
service where large temperature gradients exist. 
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Creep- and stress-rupture data for INCONEL up to 
2000°F are outlined in this chart. 


Room temperature mechanical property ranges of 
INCONEL mill forms are shown in the following table: 


A Structurally Stable 
Heat-Resisting Alloy 
For High-Temperature Service 


lent performance in sub-zero temperatures. Strength 
factors increase considerably in this range, without 
appreciable loss of ductility or toughness. 


Corrosion Resistance. The chromium content of 
INCONEL raises its oxidation resistance considerably 
above that of pure nickel, while at the same time its 
high nickel content provides high corrosion resistance 
under reducing conditions. It is highly resistant to fresh 
and salt water, exhaust gases, and most organic acids 
and compounds. 


Fabrication. INCONEL is workable, both hot and cold, 
It is machinable, though high-speed steel tools should 
be used. It can be joined by the usual welding, brazing, 
and soldering processes common to industry. 


Applications. INCONEL is used for manifolds, col- 
lector rings, heaters, lock wires, gaskets, jet blankets 
and combustion liners, thermo-couple coverings, domes 
and transition units in jet-propelled aircraft. 


Forms Supplied. INCONEL is produced in the usual 
mill forms—billets, rods, rounds, flats, hexagons, sheet 
and strip, bars, tubing, wire, and a new T section. It is also 
produced in sand, centrifugal and precision castings, 


FOR FURTHER INFORMATION 
ENGINEERING PROPERTIES OF INCONEL is a 
Technical Bulletin on Inconel that gives a full, factual 
story. It is punched for ring book insertion, and will 
be sent, free, on request for Technical Bulletin T-7. 
And for technical help on specific high-temperature 
metal problems, write fully to INco’s Technical Ser- 
vice Section. 


MECHANICAL PROPERTY RANGES OF INCONEL 


Tensile Properties 
“sale Tensil Yield $ th 
iti ensile ield Streng 
Strength (0.2% offset) 
1000 psi 1000 psi 

Rod and Bar 

Cold Drawn Annealed ...... 80-100 25-50 55-35 

As-Drawn oe 105-150 80-125 30-10 

Hot-Rolled 80-120 25-90 55-30 
Wire 

Cold Drawn Annealed .... 80-105 25-50 50-25 

Regular temper ........ 130-175 115-165 12-3 

Sheet 

Cold Rolled Annealed....... 80-100 30-45 55-35 

Deep Drawing & 

Spinning quality ......... 80-100 30-45 55-40 

Strip 

Spring temper ............ 145-170 120-160 10-2 


Elongation 
in 2 in 


Hardness | 
—- Impact Strength 
Reduction Charpy U-Notch 
Brinell ft—Ib 
° ig 3000 Kg Rockwell 
= 
70-60 120-170 65-85B 230 
60-30 180-290 90B-30C 151 
70-50 120-210 65-95 191-230 
- 65-80B 
84B mox. 
= 30C min. 


Impact Strength. Charpy tests reveal impact strength 
ranging from 187 ft.-lb. at sub-zero temperatures to 
154 ft-lb. at 1400°F. 


Spring Properties. INCONEL is used regularly for 
springs at temperatures of 500 to 600°F, because of its 
resistance to relaxation or load loss in this range. 


Low-Temperature Properties. INCONEL gives excel- 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N. Y. 


EMBLEM _ OF SERVICE 
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RADIOMARINE stands watch 


For a quarter of a century Radiomarine has been designing, 
manufacturing and servicing radio communications equipment 
and electronic navigational aids. Radiomarine’s leadership in 
the development of radio-electronic equipment for the marine 
field is world known. Its products are recognized as outstanding 
for durability, dependability and performance. 

It is the mission of Radiomarine to advance the art of radio 
and electronics on vessels of all kinds—on the high seas, in 
harbors and on inland waterways . . . to co-operate with the 
military services of the United States for National Defense. 


The entire facilities of Radiomarine Corporation of America: 
personnel, technical knowledge, research and production capac- 
ity are “standing watch” ready to serve America’s maritime 
and military needs. 

For information on how Radiomarine can be of service to 
you, write to: Radiomarine Corporation of America, Depart- 
ment T, 75 Varick St., New York 13, N. Y. 


RADIOMARINE CORPORATION of AMERICA, 75 Varick St., New York 13, N. Y. 


Offices, Communications and Service Stations in principal ports. 
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RADIOMARINE CORPORATION of AMERICA 
A SERVICE OF RADIO CORPORATION OF AMERICA 


Radiomarine Products and Services 


Communications Equipment — Radiotclephone 
and Radiotelegraph Transmitters and Re- 
ceivers, Lifeboat Emergency Equipment, 
Automatic Alarms. 


Navigational Aids—Radar, Loran, Radio Direc- 
tion Finders. 


Special Equipment—Custom-designed and man- 
ufactured for alli Government agencies. 


Shore Service Stations — Speedy, reliable in- 
spection and maintenance on all types of 
radio-electronic equipment. 29 service 
depots in principal U. S. ports. World-wide 
service facilities through foreign associates. 


Coastal Radio Stations— 13 coastal stations pro- 
vide radio communication system for con- 
tact with vessels in all parts of the world. 


Training School—Theoretical and operational 
instruction in radio aids to navigation. 
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Annual Summer Meeting 
Preliminary Announcement 


Leading Engineers and Scientists to Gather on June 27 and 
98 for the Third of the Annual Summer Programs To Be 
Held in the Los Angeles Western Headquarters Building. 


| HE 1951 ANNUAL SUMMER MEETING of the Institute of the Aeronauti- 
cal Sciences will get under way the morning of Wednesday, June 27, and 


will continue throughout the following day. 


preceding 2 years, the Meeting will 
take place in the I.A.S. Western Head 
quarters Building at 7660 Beverly 
Blvd., Los Angeles. The hosts on this 
occasion will be the executives and 
members of the Los Angeles Section 
under the Chairmanship of F. A. 
Cleveland, Research Group Engineer 
of the Preliminary Design Division, 
Lockheed Aircraft Corporation. 


» Technical Sessions——Five sessions 
will take place during the 2-day Meet 

ing. Those tentatively scheduled are 
Aerodynamics, Stability and Control, 
Design, Propulsion Problems in Aircraft 
Design, and Structural and Design 
Problems. Those engineers and scien- 
tists who are in attendance will be 
privileged to hear many of the lead 
ing experts in these given fields dis 
cuss some of the diverse problems 
currently confronting the engineering 
and scientific personnel within the 
aircraft industry and its allied fields. 


> Registration and Session Hours 
Registration will begin at 8:30 a.m. 
on Wednesday morning, June 27. 
The sessions on Aerodynamics, Stability 
and Control, and Design will get under 
Way promptly at 9:00 a.m., 1:30 p.m., 
and 8:00 p.m., respectively. The two 
Thursday sessions (on Propulsion Prob 
lems in Aircraft Design and on Struc 
tural and Design Problems) will com- 
Mence at 9:00 a.m. and 1:30 p.m. 


As has been the custom for the 


>» Dinner—The Annual Summer 
Meeting Dinner will be held on Thurs 
day, June 28, in the Embassy Room of 
the Ambassador Hotel. A reception, 
starting at 6:30 p.m., will precede the 
dinner. Dinner will be served at 7:00 
p.m. <A prominent speaker will ad 
dress I1.A.S. members and their guests, 
and two annual awards will be pre 
sented at this time. 

>» Awards—I.A.S. President Law- 
rence B. Richardson will present The 
Thurman H. Bane Award and The 
Octave Chanute Award to their re 
spective winners. The 1951 recipients 
of these awards will be announced later. 
» Program Committee— Directly re 
sponsible for the planning of the 1951 
Annual Summer Meeting are the 
members of the Los Angeles Section’s 
Program Committee who definitely 
deserve the accolades of the entire 
1.A.S. membership for their untiring 


efforts in behalf of the success of this 
meeting. Heading this committee is 
Chairman Harold Luskin, Aerody- 


namics Research Engineer, Douglas 
Aircraft Company, Inc. R. Richard 
Heppe, Aerodynamics Engineer, 
Lockheed Aircraft Corporation, is 
Vice-Chairman. Other members of 
the Program Committee include: 
Roland L. Bliss, of North American 
Aviation, Inc.; Thomas F. Coleman, 
of Hughes Aircraft Company; Holley 


and Events 
of Interest to Institute Members 


F. A. Cleveland, Chairman of the Los 


Angeles Section. 


B. Dickinson, of Telecomputing Cor- 
poration; Harold S. Fischer, of Doug- 
las Aircraft Company, Inc.; Welko 
E. Gasich, of The RAND Corpora- 
tion; Frank E. Goddard, Jr., of Cali- 
fornia Institute of Technology’s Jet 
Propulsion Laboratory; Earle S. Hod- 
der, of North American Aviation, 
Inc.; Walter C. Hurty, Assistant Pro- 
fessor at the University of California 
at Los Angeles; Howard E. Roberts, 
of American Helicopter Company, 
Inc.; Manuel S. Simms, of Northrop 
Aircraft, Inc.; Richard B. Smith, of 
Douglas Aircraft Company, Inc.; and 
Edward J. Specht, of General Electric 
Company. 

Copies of the final program for the 
1951 Annual Summer Meeting will be 
mailed to all I.A.S. members. 


National Meetings 
Calendar 


June 27-29, 1951 Annual Summer 
Meeting, Los 


Angeles 
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Propeller-Blade Extrusion 
Method Developed 


Extrusion, hitherto confined prin- 
cipally to the production of piping, tub- 
ing, and other simplified forms (except 
in the lighter and softer metals), has 
now been successfully applied to pro- 
peller-blade production. Essentially, 
this process, developed by the Propeller 
Division of Curtiss-Wright Corporation 
in cooperation with the U.S. Air Force, 
imports a vital contribution to the 
acceleration of our National Defense 
program; it permits the mass produc- 
tion of hot extruding one-piece hollow- 
steel propeller blades for high-speed 
combat and commercial aircraft. Simul- 
taneously, it offers the added advan- 
tages of a considerable saving in strate- 
gic materials, a reduction in essential 
skilled man power, the elimination of 
costly machining operations, and a re- 
duction in necessary floor space and 
tools. As far as the blade, itself, is con- 
cerned, the improved producibility of 
the extruded blade is said to be accom- 
panied by a marked increase in its qual- 
ity and strength-weight ratio. 

Summarily speaking, three prime op 
erations are involved in the conversion 
of a billet into, first, a tube and, finally, 
a finished propeller blade. For the first 
operation, a preheated 400-Ib. chrome- 
nickel-molybdenum steel billet is in- 
serted into the die container of a 5,500- 
ton extrusion press. Here the shank of 
the blade is formed. The second opera- 
tion returns the reheated partially 
formed steel billet to the press, where 


The Three Stages: A seamless, hollow- 
steel, propeller-blade tube, produced by 
Curtiss-Wright Corporation’s new extrusion 
process, is examined by Francis R. O’ Leary, 
General Manager, Propeller Division. The 
one-piece tube (center) is formed by heating 
and squeezing the 400-lb. steel billet (left) 
through a series of dies. The tube is then 


transformed into the finished propeller blade 
(right) by flattening and forming. 
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Finishing Touches: 
process is the fina 


the shank section is tapered in prepara 
tion for the final extrusion of the pro 
peller-blade tube. Step three completes 
the billet’s first metamorphosis when 
the white-hot tul 

first, from the press 


emerges, shank end 
After its removal 


from the press and measurements for 
certain tolerances taken, the tube is 
placed in another die where it is trans 


formed into a Curtiss-Wright propeller 
blade through a heating, flattening, and 
forming process that lends it the proper 
twist and turn 

1,100 lbs. pressut 
internal support 

forming operation 


Nitrogen gas, under 
e per sq.in., provides 
luring this final trans 
commonly known as 


“blowup.”’ The only major machining 
involved in this entire process is the 
final tooling of the  propeller-blade 
shank. 


This propeller extrusion process con 
trasts vividly with the older method by 
which Curtiss monocoque hollow-steel 
blades are also produced. The older 
method necessitates many welding and 
forming operations in order to convert 
two specially processed flat steel plates 
into a hollow-steel structure that com 
prises the complex curvatures and deli 
cate balance a completed propeller 
blade. One of the aforementioned ad 
vantages of the newer method over the 
older one—i.e., the saving in strategic 
materials—becomes obvious when it is 
considered that only 400 Ibs. of steel are 
required for the extrusion operation 
while 750 lbs. of steel are needed for the 
older welding process. In both in 
stances, the end product is a 200-lb., 
10-ft., hollow-steel, propeller-blade tube 
with tapered walls 


The only major machining operation in the propeller-blade extrusion 
ling of the blade’s shank end 


The importance of this form of extru 
sion can be appreciated when its poten 
tial uses, both in and out of the aeronau 
tical industry, are contemplated. Within 
the industry, things such as 
gear struts, helicopter masts, helicopter 
main rotor-blade spars, etc., can be ex 
truded. Outside the industry, this new 
process may be used in turning out gun 
barrels, tank parts, ship parts, and mem 
bers for prefabricated structures such as 
bridges and towers. 

The perfecting of this extrusion proc 
ess is an outgrowth of a research pro 
gram undertaken by Curtiss-Wright 
under the sponsorship of the Manufac- 
turing Methods Branch of the Indus 
trial Planning Division and the Pro 
peller Laboratory of the Engineering 
Division, Air Materiel Command. The 
actual developmental work, however, 
was carried out on the equipment made 
available by the Air Force at the Ai 
Force Developmental Center, Adrian 
Mich. 

Cooperating with Curtiss-Wright im 
this program were the following organt- 
zations: Hydro Press Corporation; Ford 
Motor Car Company; International 
Nickel Company, Inc.; Gerity-Micht- 
gan Manufacturing Corporation; Cru 
cible Steel; Upton Furnace Company 
Industrial City Boring Company; ané 
Oro Manufacturing Company 
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Flight Refueling, Inc., 
Joins |.A.S. 


Flight Refueling, Inc., of Danbury 


Conn., has joined those other corpora- 
tions who currently hold membership 1! 
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the Institute of the Aeronautical Sciences 
for the mutual advancement of the art 
and sciences of aeronautics. 

Flight Refueling was established in 
1948 in answer to the needs of the 
United States for in-flight and ground 
fueling equipment, etc. Using as a 
basis those ideas and principles ad- 
vanced by the parent company (Flight 
Refuelling, Ltd., of England), the 
American counterpart in Danbury has 
developed and applied this knowledge 
to meet U.S. requirements. 

In-flight refueling systems and their 
components are produced for both the 
Air Force and the Navy. Although se- 
curity regulations do not permit the full 
disclosure of the notable results achieved 
in its military applications, many ad- 
vantages of in-flight refueling are avail- 
able to commercial operators. 

The utilization in aircraft of this par- 
ticular technique of in-flight refueling is 
said to provide greater safety, longer 
ranges, and higher pay loads and to re- 
duce substantially direct operating 
costs. A number of publications per- 
taining to this subject have been pre- 
pared by various authorities and are 
available on request. 

Flight Refueling also produces a high- 
speed ground pressure-fueling system 
and the corresponding equipment. This 
type of system is claimed to permit 
rapid fueling of aircraft, thus offering a 
real saving of turn-around and ‘“‘idle”’ 
time. 


Danger of Skidding 


Removed from Landings 


Two new devices developed by the 
Air Materiel Command are said to elim- 
inate the skidding of aircraft regardless 
of the amount of pressure applied to the 
brake pedal. 

These devices, the “brain children’’ 
of Westinghouse Electric Corporation 
and Boeing Airplane Company, are 
both based on the same principle: 
ability to sense a skid and to release 
brake pressure automatically until the 
skidding condition ceases by virtue of a 
valve that shuts off the pressure to the 
brake drum. However, in their es- 
sential details they differ distinctly. 

One of the inventions is the Hytrol, 
designed by Boeing and manufactured 
by Hydro-Aire, Inc. This particular 
design employs a skid detector and a 
solenoid valve. The second of these is 
known as the Decelostat and is being 
manufactured by Westinghouse. This 
latter invention is based on the relative 
speeds of the undercarriage wheel and 
an energy wheel. 

The Hytrol and the Decelostat are 
being tested on the Boeing B-47 and 
Martin XB-51 jet bombers. Installa- 
tion on the Convair B-36 and certain 
cargo and fighter aircraft is planned. 


NEWS 


Necrology 


William H. Graham, Jr. 


William Henry Graham, Jr. (M.), 
died on March 3 as the result of a take- 
off accident from the deck of the air- 
craft carrier, 
U.S.S.  “Prince- 
ton,” lying off the 
East Coast of 
Korea. He had 
been sent to that 
general area a 
short time before 
as a correspondent 
under the joint 
auspices of the Air Force, aircraft manu- 
facturers, and The Journal of Com- 
merce of New York. He had planned to 
present lectures to the Air Force per- 
sonnel based on his own observations 
with the U.S. Air Lift. 

Bill Graham was Associate Editor of 
the AERONAUTICAL ENGINEERING RE- 
view during 1941 and early 1942. 
He left the Institute in March, 1942, to 
become Technical Air Information Off- 
cer and Publications Officer with the 
rank of Captain. His assignments for 
the next 4 years were primarily in techni- 
cal public relations and intelligence and 
in planning and policy relative to techni 
cal activities and programs of the Army 
Air Forces. He was discharged in 1946 
with his majority. 


George T. 


Lieutenant Commander George 
Thackray Weems, U.S.N. (M.), died 
of injuries received in an airplane crash 
on January 16. The accident occurred 
during the take-off of a seaplane, in 
which he was riding as passenger, from 
the Delaware River near Newcastle, 
Del. An urn containing his ashes was 
buried on April 5 at the Naval Academy 
cemetery while naval flags were lowered 
to half-mast. 

Born in Annapolis, Md., on January 
5, 1921, Commander Weems was the 
son of Capt. P. V. H. Weems, U.S.N. 
(Ret.), F.1.A.S., who was the founder 
of the Weems System of Navigation. 
The younger Weems, planning to make 
the Navy his life’s career, was appointed 
to the U.S. Naval Academy in June, 
1938, as a Midshipman. He was 
graduated with a B.S.E.E. degree in 
December, 1941, approximately 2 weeks 
after the attack on Pearl Harbor. 


After a year of free-lance work, Bill 
Graham joined the Air Reduction Com- 
pany as a Technical Writer and Pro- 
motion Specialist. In 1949, he became 
Editor and Engineering Analyst for the 
analyses, critiques, and reports by 
American Power Jet Company. Late 
in 1950, he accepted the post of Avia- 
tion Editor on The Journal of Com- 
merce, a New York business newspaper, 
and, commencing with the December 7 
issue, he wrote a daily column for the 
paper entitled ‘‘Air Headings.” 

Born in South Charleston, Ohio, on 
June 30, 1911, Mr. Graham was edu- 
cated in the public schools of Spring- 
field, Ohio, and after 4 years at Oberlin 
(Ohio) College was graduated in 1931 
with a B.A. degree in History and 
Political Science. He also attended 
Princeton University, New York Uni- 
versity, and the University of California. 
He was a graduate of the Air University, 
the Air Command and Staff School at 
Maxwell Air Force Base, Ala. He is 
survived by his 6-year-old son, William 
H. Graham, III, and his widow, the 
former Gwendolyn Lloyd, who prior to 
her marriage was a librarian at the 
Institute. Bill Graham was a Senior 
Member of the Aviation Writers As- 
sociation. 


Weems 


Commander Weems played an active 
part both as Pilot and Project Officer in 
the various flight tests that were con- 
ducted on carrier-type aircraft. 

In addition to holding a C.A.A. Com- 
mercial Certificate No. 522668, Com- 
mander Weems was a Naval Aviator in 
active flying status, qualified to pilot 
single- and multiengined, land- and sea- 
based, and reciprocating- and _jet- 
powered aircraft. He started his flight 
training in May, 1943, and by the end 
of World War II had built up an out- 
standing combat record as a fighter 
pilot. He is credited with shooting 
down four Japanese planes. For serv- 
ice to his country, he was awarded the 
Silver Star Medal, the Distinguished 
Flying Cross and a gold star, and the 
Air Medal and four gold stars. 

Commander Weems was a member of 
the Institute of Navigation and of the 
Naval Institute. 


(1.A.S. News continued on page 64) 
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A Guest Editorial 


by 
CAPTAIN S. B. SPANGLER, U.S.N. 


Commander 
U.S. Naval Air Development Center 


Johnsville, Pa. 


Captain Selden Booth Spangler, U.S.N., has had broad experience 
in the Navy both as pilot and aeronautical engineer. A 1923 
Annapolis graduate, he has been a Navy pilot since 1925 and has 
spent many years on flying duty. Upon concluding an aeronau- 
tical-engineering course leading to an S.M. degree from M.I.T 

he was appointed Assistant Superintendent, Aeronautical Engi- 
neering Laboratory. Eleven of his 32 years in the Navy were with 
BuAer's Power Plant Division of which he became Head in 1939. 
Seven years later, he was made Chief of the Aircraft Maintenance 
Division, BuAer. His present assignment began in July, 1950 
Captain Spangler is a Fellow of the Institute. 


O* MY FIRST CATAPULT SHOT as an observer from a 
battleship some years ago, I was both amazed and 
surprised to find the radio set in my lap as we left the 
end of the catapult. This incident engendered in my 
consciousness a distaste for all things electrical and 
electronic which persisted for a great many years 
Being a power-plant man, I came to look on radar and 
communication systems as intended primarily to raise 
the power loading beyond a reasonable or efficient level 
or to place operating conditions on the airplane fiend 
ishly devised to force the engines to operate under the 
most unfavorable conditions. It was clearly evident 
that an airplane could not operate without a power 
plant very successfully very long. In fact, it had been 
my proud boast that with two turkey feathers and a 
snow shovel one could sit on a five-gallon gasoline can 
and fly a bare engine from here to there with little trou 
ble. On the other hand, radio only served to while away 
the long hours it took to burn up the gasoline supply, and 
radar was something that presented an amusing picture 
of a small white bug crawling over a glass surface and 
by whose antics the operator could state (subject to 
visual proof, of course), that something existed some 
where in the general vicinity. 

Three incidents occurred thereafter, however, which 
led by degrees to: first, a suspicion that there might be 
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some faultiness in my reasonings; second, a thought 
that maybe radar really had something; and, third, 
a realization that no longer was the engine the only 
really essential part of the airplane. In the first case, 
after a somewhat uneventful trip as a passenger in one 
of our aircraft, we arrived over our landing point only 
to be told that there was a heavy fog drifting in and 
that the ceiling was already down to three hundred 
feet with a visibility of one mile. Much to my surprise 
the pilot only yawned slightly and, after some radio 
conversation, started down through the fog. Just as I 
Was about to pull the release on the emergency door, we 
broke out, nosed up slightly, and sat down in the middle 
of the approach end of the runway. After my heart 
stopped pounding so hard, I asked the pilot how he 
did it, and his answer was to give the simple but 
cabalistic reply, “GCA.” I found out later by personal 
experience that it really was almost that easy. 

The second incident occurred off Okinawa. About 
one o'clock one morning of a particularly black and 
hasty night, the Combat Information Center (CIC) re- 
ported two enemy aircraft making what appeared to be 
a torpedo run on the starboard quarter distant about 
eight miles. Three minutes and some one hundred 
rounds of five-inch ammunition later, there were two 
beautiful pyres of flame astern. For the next two 


weeks, I spent all my free hours in the CIC watching 
with utter amazement the accuracy of discovery, posi- 
tioning, and interception of enemy attacks. Finally, I 
was ordered to my present position in which I have had 
the opportunity of seeing what is being and can be 
done. Having thus become an enthusiastic convert 
perhaps I can rub off on some of you airplane people 
a little of that enthusiasm. 

I realize only too well that it frequently appears to 
uninitiated that the electronics man considers an air- 
plane only as an aching void in which to shoehorn 
equipment of various and unwieldy shapes and sizes 
and that the airplane man looks on electronic equip- 
ment as a plethora of heavy and rather touchy black 
boxes that seem intended and destined to ruin his pet’s 
performance. Actually, however, neither view is fully 
sound, although it is quite true that the electronics 
man could use some more knowledge of the airplane and 
the airplane man a better understanding of the 
electronic gear. 

Nor would it be quite fair to say that no attempt has 
been made to bring together the apparently incompat- 
ible ideas of the aircraft designer and the electronics 
expert. Some years ago the electronics engineers real- 
ized that it was poor business to present electronic 
equipment in odd packages of all shapes and sizes. 
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An agreement was reached that electronic gear, when 
possible, would be assembled in rectangular cross 
section boxes that were multiples of a standard size, 
and the “ATR” or “SAR” rack (standard aircraft 
rack) appeared. To be sure, no one was very happy 
about the form factor, and rectangular cross sections 
did not fit the normal aircraft skin shape, but the whok 
idea represented a forward step. 

Furthermore, the aircraft designers began to pay 
attention to the electronic problems, particularly thos« 
concerned with the antennas. Antennas are not ame 
nable to standard rack treatment, their shape is, to a con 
siderable extent, dictated by propagation requirements, 
and they cannot be entirely concealed within the 
metallic skin of an aircraft. The aircraft: designer 
are now usually giving consideration to the needs o! 
radome placement, communication antenna place 
ment, ete., taking advantage of the fact that new clec 
tronic antenna developments permit structures that 
add no, or slight, drag to the basic aircraft design. 

Advances in electronic art continue to improve the 
prospects for the future. Miniaturization is making 
revolutionary strides that, when the research and ck 
velopment work evolves into production equipment, 
will greatly improve the storage problem. The chances 
are that the electronic maintenance man of the 1930's 
will have difficulty even identifying the component 
parts of electronic equipment that will be in common 
use during the next ten years. 

Perhaps an even more important factor to consider 
is that in these days almost every characteristic of the 
military airplane is affected by the electronics that it 
is to carry. Let us take the moderately complex cas« 
of the ASW scout airplane, the one that is intended to 
find and fix the position of the submarine. Such an ait 
craft should be able to locate a surfaced or snorkelins 
submarine at a reasonable distance through what is 
called clutter or sea return, clutter simply being th« 
blanket return one gets on the radar scope through r 
flected waves from the ocean’s surface and through 
which a target may be completely indistinguishabk 
Normally, this blanketing of the scope is a maximum 
near the center of the scope or closest to the searching 
airplane. Thus, one might see the surfaced submarine 
at fifty miles and yet be totally unable to see the same 


target at twenty from the same altitude. Since this 


sea return is a function of altitude, the lower the search 
airplane flies, the shorter the range at which the target 
becomes indistinguishable. On the other hand, since 
radar is a line of sight device, the lower the airplane 
flies, the shorter the range at which it can see at all 
Let's see then, what this particular characteristic does 
to an airplane. 

If it is assumed that nothing can be done about this 
particular effect and since it is reasonably obvious that 
one should attempt to detect the submarine at the maxi 
mum (within reason) distance from your own ship, we 
have defined an airplane with maximum range at or 
near sea level. This automatically dictates a choice of 
wing loading, power loading, span, and engine most 
suited for that altitude. For one thing, we have almost 
certainly eliminated any consideration of a turbojet 
engine and would be smart to reduce the supercharging 
of the engine to the minimum consistent with desired 
take-off power. Again, assuming we desire to search 
an area one hundred miles in advance of the vessel and 
to a safe distance each side of the vessel’s track and that 
we are restricted to such an altitude that the radar 
range is twenty-five miles, we need a minimum of two 
aircraft with a cruising speed of one hundred fifty 
knots, possibly only one if its cruising speed were over 
two hundred knots. 

On the other hand, were it possible to see with clarity 
all targets from zero range out to one hundred miles, we 
could now fly one airplane at 10,000 feet, for this air 
plane cruising speed has no value although we should 
like maximum endurance. Therefore, we must now 
again select a somewhat different power loading, wing 
loading, span, engine, and perhaps even wing form 
Here we might feel thoroughly justified, for example, in 
picking an engine with a very low specific fuel con 
sumption even though the basic engine were much 
heavier. 

While this is a great oversimplification of a compli 
cated problem, it gives some indication of the fact that 
the design of the airplane is in many cases wholly de 
pendent on the capabilities of the electronic gear, pred- 
icated for the time the airplane is to be built. Con 
versely, of course, the electronics man must make every 
effort to simplify the airplane designers’ problems by 
furnishing equipment that can meet the specific tactical 
problems for which the airplane is designed. 
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ELECTRONICS INFLUENCES 
AIRCRAFT DESIGN 


The influences of clectronics 
on aircraft’ design become im 
mediately apparent when we 
glance at any modern military 
plane rhe long nose sections, 
streamlined probes, domes, and 
pods are necessary appendages 
that usually serve but one useful 
purpose the housing and opera 
tion of electronic equipment 

From the standpoint of aero 
dynamic efficiency, it is obvious 
that the aircraft designer and 
the clectronics engineer must 
each have an understanding of 
the other’s problems 
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Illustrated |: 


tronic 
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by 
WELMAN A. SHRADER 


Like the tail that wagged the dog, ed 
tronics bids fair to become the append 
that controls the aeronautical engineer, 

The days of designing airplanes for 
sake of the plane alone are past. } 
longer can we accept an aircraft simply} 
cause it flies well and then start look 
around for places to hang the gadget 
The gadgets are becoming far too compl 
and too numerous. 

Individual electronic component 
whether they be navigational aids, 
bombsight computers, engine controls, 
automatic pilots—can no longer be 
sidered as separate instruments to bestt 
into just any available space. The inl 
relationship and interdependency o 
such components from the power-soll 
to their respective operations—de 
that they be considered as a ‘‘system.” 

This ‘‘system concept’ has caused 
air-frame manufacturer to go into theek 
tronics business, establish his own resea 
and engineering departments, and il 


A free-falling “body,” utilized by 
Ames Aeronautical Laboratory, N.A. 
for research on the problems of trans 
flight, is literally “stuffed” with el 
instruments that will automatically 
data during the descent. 


Photo Courtesy N.A.C.A. 
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grate the ever increasing number of elec 
tronic instruments and controls into sys 
tems that are compatible with basic air 
craft design theory 

Although most of the present work on 
guided missiles and electronically con 
trolled aircraft is ‘‘Classified,’’ the pictures 
of earlier models shown here clearly illus 
trate the predominant role played by elec 
tronics today 


Continued on page 16 


‘ This complete Honeywell Electronic Auto- 
' pilot is typical of one of the many electronic eo 4 ‘us 
‘systems’ that has to be incorporated in a : FORMATION STICKS 


military bomber. 


Photo Courtesy Minne apolis-Honeywell 


Regulator Company 


Scale wooden mock-ups of all the electronic 
equipment contained in the nose of a B-45. 
This plane carries approximately 2,800 Ibs. 
of electronic equipment, of which roughly 75 
per cent is located in the nose section. 


CHASSIS EQUIPMENT ASSEMBL 


Photo Courtesy Air Materiel Command 
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Electronics in Aviation 


HAROLD A. KRESSLY and JOHN S. ERICKSON 


Grumman Aircraft Engineering Corporation 


A Summary of the Morning Session on Electronics at the I.A.S. Nineteenth 
Annual Meeting, February 1, 1951 


THE RAPIDLY INCREASING 
IMPORTANCE of electronics 
in the design and operation 
of aircraft was the keynote 
of the joint meeting with 
the Institute of Radio Engi 
neers and the Institute of 
Navigation which took 
place on the last day of the 
Annual Meeting of the In 
stitute of the Aeronautical 
Sciences. As an item now 
accounting for 10 to 25 per 


Harold A. Kressly. 


cent of the design and pro 
duction costs of current aircraft, electronic develop 
ments and their implications for air-frame manufac 
turers were underlined by each of four papers covering 
various aspects of aviation problems originating from 
this source. 

From the paper given by Edwin Lee White, of the 
Federal Communications Commission (see page 38), 
it seemed clear that the first problem to be considered 
before any specific aircraft electronics systems could 
be designed was the allocation of frequencies for radio 
and radar operations of all types. The frequency 
spectrum is in itself a natural resource, subject to 
physical limitations as finite as those of such other more 
tangible resources as minerals or land. Thus, recent 
increases in the use of electronics—not only for normal 
communications but for landing, navigation, and other 
radar aids—have crowded spectrum space to a point 
where available frequencies are now far exceeded by 
the demand. While every effort is being made to solve 
this problem by allocating desirable frequencies on an 
equitable basis and by reserving the bands suitable 
for long-range operation for safety and public-benefit 
services, aviation is the only interested group that has 
thus far agreed on a workable plan. It was Mr. 
White’s feeling, however, that, even with optimum 
allocations and optimum plans and agreements, som: 
supplementary solution must be sought. The most 
promising field for such a solution appears to be 
in the development of multiple-function equipments 
and equipments capable of operating on narrower or 


previously unusable bands. 

The made to 
date in using the presently 
allocated frequencies to im- 
plement the Common Sys- 
tem of Air Navigation was 
Charles 
Aeronautical 


progress 


summarized by 
Banks, of 
Radio, 
The 


which is in its 


Inc. (see page 24) 


Common System 
own way 


called be- 


unique—is_ so 


cause it was devised jointly 


John S. Erickson. 


and empirically by all avia- 
tion interests in the United States, Government and 
private (as represented by Special Committee 31 of the 
Radio Technical Commission), to meet the common 
need for reliable use of all airspace by all aircraft in all 
weather. Originated in 1947, the plans for this system 
are divided into two programs: a transitional program, 
which will come into general use around 1953; and an 
ultimate program, which is scheduled for completion 
in the mid-1960's. Mr. Banks estimated that funds 
amounting to at least 25 times the sum thus far spent 
for present low-frequency four-course ranges must be 
expended before this project as a whole is complete. 

The corresponding changes in aircraft requirements 
were graphically illustrated when Mr. Banks pointed 
out that the interim system alone requires twice the 
number of equipments needed for the old low-frequency 
range system that, whereas ten-channel 
communications were usual at the end of World War II, 
as many as 360 channels will be available when the 
Common System is complete. At the present time, 
equipment with 180 channels is available and in use. 
As a rule, at least 3 years are required to produce any 
of the complex equipments used for the Common 5ys- 
tem, and 2 additional years are required to effect their 
general installation in operating aircraft. 

Specific problems in developing electronic equipments 
for aircraft applications of this System were discussed 
by Orville M. Dunning, of the Hazeltine Electronics 
Corporation (see page 29). Aside from the basic need 
for equipment packaging to be standardized, light in 
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weight, and small, Mr. Dunning felt it important that 
access be available for the mechanic with a little in- 
venuity and a soldering iron to make at least minor re- 
pairs. This would indicate some departure from present 
trends toward ‘‘potted’’ subunits, which often must be 
discarded because of the failure of a single simple com- 
ponent or other reasons of a minor nature. 

By using the miniature tubes and components avail- 
able today, it is possible to reduce most equipments to 
something like one-half their former size. As all air- 
frame designers are aware, however, this decrease in 
overall size has been more than counterbalanced by the 
increased number of equipments that must now be ac- 
commodated within the limited air-frame space. It 
seems time, therefore, to take subminiature techniques 
out of the laboratory (where they have remained, some- 
what inconclusively, for the past 5 years) and apply 
them to production units for general aircraft use. This 
would permit a quantitative trial of the techniques thus 
far developed, while revealing the information necessary 
for further advancement. Two of the most immediate 
problems to be solved in connection with any applica- 
tion of miniature and subminiature techniques would be 
the development of adequate cooling methods and the 
development of comparably scaled hardware compo- 
nents. 

The role of the aircraft designer in cooperating 
directly with the electronics equipment designer was 
emphasized by Harold Schutz, of The Glenn L. Martin 
Company, who spoke of aircraft radio and radar sys- 
tems design (see page 32). Mr. Schutz pointed out that, 
whereas it was once possible to install electronics sys- 
tems without particular reference to the air-frame con- 
figuration, the growing use of aircraft as electronics 
platforms and the consequent need of finding the ideal 
compromise between aerodynamic and electric con- 
siderations have now combined to make joint solutions 
essential. This is especially true in the case of military 
aircraft, whose ability to accomplish a mission success- 
fully and safely has now become as dependent upon 
proper performance of the electronic devices for naviga- 
tiou, identification, target-sighting, and communication 
as upon speed and maneuverability. 

Of all the components in aircraft electronics systems, 
the antenna presents the most critical problem, Mr. 
Schutz said. While considerable progress has been made 
in adapting all basic antenna types to air-borne use, 
the increased number of equipments in use and the 
streamlining required on new high-speed aircraft have 
complicated the original difficulty of finding operatively 
acceptable locations within the available space. Added 
to these complications are the fundamental physical 
laws that limit design possibilities for antennas and the 
fact that a basic design will not necessarily give equiva- 
lent performance on different aircraft configurations. 
From present indications, the most promising possibility 
for a solution appears to be the use of portions of the 
basic air frame as the antenna. In Mr. Schutz’s opinion, 


Electronics in Aviation—Panel of Speakers. 
Chairman, D. S. Little, Supervisor, Airway Aids, American 
Airlines System; Charles R. Banks, Chief Engineer, Aeronautical 


(Left to right): 


Radio, Inc.; Orville M. Dunning, Vice-President—Engineering, 
Hazeltine Electronics Corporation; Harald Schutz, Head, RF 
Engineering Section, The Glenn L. Martin Company; Edwin 
Lee White, Chief, Safety and Special Radio Services Bureau, 
Federal Communications Commission. 


however, tolerable antennas are probably the best that 
aviation can hope for, since the invariable tendency of 
the air-frame manufacturer is to freeze the antenna de- 
sign, once moderately adequate electronics performance 
is attained. 


Equipment Reliability 


It was clear trom the gist of these various talks that, 
in order to compete reasonably with others in his own 
field, the aircraft manufacturer must from now on con- 
sider his electronic problems at the initial design stage of 
the air frame and must solve these problems concur- 
rently with such other basic problems as propulsive 
power and aerodynamic performance. However, one 
topic of prime interest to aircraft manufacturers, and to 
operators as well, was not mentioned at all, possibly for 
lack of time. This topic was equipment reliability, a 
field in which considerable progress has been made and 
in which much more is desirable. A striking example 
of what has been, and what can be, accomplished in the 
way of reliability is illustrated by the recent A.R.I.N.C. 
program on “ruggedized” tubes. Introduced on com- 
mercial air lines in 1949, the “‘ruggedized”’ tube reduced 
tube failures of certain types from 30 to 2.5 per cent for 
the first thousand hours of operation, thus saving an 
estimated $250,000 in operative costs for the year 1949, 
despite a much higher unit price than the conventional 
tube. The increase in flight safety resulting from this 
change was even more important though, of course, less 
measurable. Expansion of the ruggedizing program to 
cover other critical components should be a basic con- 
sideration in all new electronic equipment design and 
would make a profitable topic of discussion for future 
meetings of the Institute of the Aeronautical Sciences. 
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plished in, and for, an aircraft through clectronics Whether th 
problem is one of locating the landing field, intercepting a hig} 
speed enemy fighter in pitch darkness, dropping a bomb on a tay 
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get from 40,000 ft., or simply wiggling the tail of a 200,000 


Photo Courtesy American Airlines and The Sperry Corr 


The pilot's cockpit of a modern air-line transport where the workings 
of the various electronic installations are controlled and interpreted 


A high-power pulse transmitter pressurized for air-borne application 
developed by The Glenn L. Martin Company. 
The output of constant a.c. voltage for operating aircraft radio, radar, 
and other accessories calls for a dependable air-borne Inverter. 
This particular model is one produced by Jack & Heintz Precision 
Industries, Inc. 


Compact model Curtiss Electric Propeller Synchronizer has automatic 
electrical and mechanical plug-in feature in self-contained unit. 
View shows unit about to engage connection. u 
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airplane in flight, there is a series of vacuum tubes somewhere to 
accomplish it All that appears necessary is to push a few 
buttons or throw a switch. 

As yet, we have only scratched the surface of developments in 
this field. Research conducted by hundreds of individual elec- 
ronie companies is daily uncovering new applications, new tech- 
and new products that change the airplane’s complexion 


t 
niques, 
and broaden its uses. 

Pictured here are but a few of the many diversified types of elec 
tronic controls and instruments used in aircraft today. 


(Continued on page 22) 


(Right) Electronic Positioner, which ties in with a 
Synchronizer being used in aircraft throttle control 
systems, developed by AijResearch. 


(Below, upper right) A Convair-manufactured Video Amplifier helps operate five auxiliary 
radio-altimeter indicators functioning from the output of one radio-altimeter transmitter-receiver. 
(Below, lower right) Electronic temperature control panel for aircraft developed by Westing- 
house Electric Corporation. 


(Upper left) Electromechanical dampening control produced by Lear, Inc. (Lower left) 
The Sperry Zero Reader, consisting of three units, translates the various rate-measuring instru- 
ments into a “plan of flight’ for the pilot. (Center) A Fuel Flow Totalizer Indicator, produced 
by Eclipse-Pioneer Division of Bendix, gives continuous indication of rate of fuel consumption 
and amount remaining in tanks. 


The “back-stage"’ electronic equipment for a new Automatic Ap- 
proach, Landing, and Cruise System for Navy aircraft is checked by a 


Minneapolis-Honeywell Regulator Company engineer. A complete automatic pilot system (exclusive of servomotors) de- 
signed for the stabilization and control of uninhabited aircraft by 
Doelcam Corporation. 
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L. W. Burton, Jr., Secretary, Air Traffic Control and Navigation 
Panel of the Air Coordinating Committee, who delivered this ad- 
— Mr. Rentzel was unable to attend the luncheon because of 
illness. 


J | AM MOST APPRECIATIVE of the honor attending 
your invitation to me to speak before this Joint 
Assembly of the Institute of Aeronautical Sciences, the 
Institute of Radio Engineers, and the Institute oi 
Navigation. The professional and scientific knowledg« 
represented here today has played a large part in the 
creation of the present great air power of the Unit 
States. 

‘American aeronautical engineers have provided this 
country with the finest, fastest, and most versatile ait 
craftin the world. The science of navigation has mad 
it possible to move these aircraft throughout the world 
to any point desired with accuracy and regularity 
The science of radio and electronics has added to th 
navigational capabilities and further—of utmost impor 
tance—has made possible communications and control 
to the degree required for a large-scale air operation, 
including the movement of various aircraft under dens 
traffic conditions in almost any kind of weather. 

“Today we are in a state of national emergency. W< 
are engaged in the mobilization of the resources of this 
country in order that we will be able to cope with what 
ever dangers threaten our security. At such a tim 
U.S. air operations must not be limited by any control 
lable factor. 

“The total potential air lift in the event of a national 
emergency may be limited by aircraft availability, but 
it must not be restricted by an inadequate air-traflic 


control system. Under emergency conditions,  th« 
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lecessary mass movements of military aircraft through 
out the United States must not be hindered by traffic 
control factors. 

‘Safety in congested air traffic is of prime importance 
to both military and civil users. Military, as well as 
civil, traffic collisions must be prevented even in times 
of war. The costliness and logistical value of present 
day military aircraft and crews has become a primar) 
consideration in itself. 

‘At this point I should like to give you a brief bit of 
background information In 1947, American aviation 
authorities took action with regard to one of its major 
problems. Constantly increasing U.S. air operations 
were attempting to function with an outmoded system 
of navigation and traffic control which had been in 
existence for a number of years prior to World War II. 
\ctual movement of aircraft was so limited by weather 
and traffic congestion that delays and missed connec- 
tions were costing the public and the air lines many mil- 
lions of dollars annually. It was retarding the growth 
and development of U.S. air commerce and—of even 
greater importance to us today—restricting the move- 
ment of military air traffic. 

“The Air Coordinating Committee recognized the 
seriousness of this situation at that time and, as a mat- 
ter of immediate action, requested the Radio Technical 
Commission for Aeronautics to undertake a study of the 
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As all of you know, the R.T.C.A. caine forth 


problem. 

with a general plan, the SC-31 report, as a bas's for a 

common system of air navigation and traffic control. 
“In accordance with the recommendations of 


the 
§C-31 report, the Air Coordinating Committee then set 
up a steering and coordinating body named the ‘Air 
Traffic Control and Navigation Panel.’ This Panel was 
given authority to act in the name of the Air Coordinat- 
ing Committee on matters of policy, procedures, and 
operational requirements for the Federal Airways sys- 
tem. 

“At about this same time, the Air Navigation De- 
velopment Board was established. Its task was to see 
to such further development as might be necessary for 
certain Transition Period equipment and to carry on 
the extensive research and development necessary to 
the achievement of an ultimate system as envisaged by 
the R.T.C.A. SC-31 report. 

“The Civil Aeronautics Administration had also been 

busy. The Office of Federal Airways was well along 
with its program of installing a highly improved elec- 
tronic short-distance air-navigation system. 
By 1949 they 
Real progress has been 
made during the past several years in developing and 
implementing the Common System. 


“U.S. air operations began to improve. 
had improved extensively. 


“However, aircraft movement require:nents con- 


tinued to increase. Traffic congestion became worse in 
already congested areas, and congestion began to 
spread to other areas. Despite improvement in opera- 
tions and procedures, it became clear that inadequate 
ar-traffic-control equipment and _ traffic congestion, 
aggravated by bad weather, was still the most impor- 
tant limiting factor in our air operations. 

“Thanks to you professional men, the electronic 
tols—such as radar, weatherproof communications, 
ranges, beacons, and other associated devices —for doing 
this job were available. The Air Traffic Control and 
Navigation Panel found that the obstacle that con- 
ironted it was a problem of detailed coordination so 
vast in nature that unusual steps would have to be 
uidertaken to set forth successfully the detailed blue- 
print that would combine the best technical know-how, 
the most up-to-date operating procedures, and the most 
modern equipment into an integrated system that 
would lend itself to immediate implementation. 

“To provide a method for obtaining this coordina- 
tion, the NAV Panel sought the authority of the Air 
Coordinating Committee to establish a full-time Opera- 
tonal Policy Group comprised of top-level technical 
and operational people of both Government and in- 
dustry. The Panel specified that the task facing this 
Policy Group was of such magnitude that the Group 
should remain in continuous session until its work was 
completed. 

“This Operational Policy Group quickly commenced 
its Work and, with no great surprise, found its problem 
‘0 be most complex. A most important facet of the 
problem was to discover and integrate the various facts 
and opinions necessary to give to the system plan the 
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thinking of all available sources and to provide the co- 
ordinated system with the support of all elements of 
aviation, thus making it acceptable to all users of the 
airspace. 

“This rather large order involved coordination within 
individual Government agencies, coordination between 
Government agencies, coordination within industry, 
coordination between Government and industry, coor- 
dination between the technical and the operational 
people, coordination with the developmental agencies, 
coordination with agencies of special interests—such as 
the Air Defense Command—and, finally, as thorough a 
coordination throughout the realms of U.S. aviation as 
was practicably possible. 

‘The Group had to determine, discuss, and evaluate 
the needs of all users of the airspace. Trips were made 
into the field by the Group to meet with many different 
users in order that their problems might be discussed at 
their very doorsteps. Field trips included, among 
others, the New York International Airport, air-line 
operations conferences at LaGuardia Field, en-route 
traffic control at Washinzton National and Boston, the 
All-Weather Flying Division at Wright-Patterson Air 
Force Base, the C.A.A./Technical Development and 
Evaluation Center at Indianapolis, and an operational 
cruise aboard a U.S. aircraft carrier. Special meetings 
were held with the Air Navigation Development Board, 
with the Air Defense Command, and with many other 
interested groups. 

“Special conferences were held in the field, which in- 
cluded representatives of such flying interests as the 
Flying Farmers organizations, Corporation Aircraft 
Owners Association, the Civil Air Patrol, fixed-base 
operators, private and itinerant fliers, U.S. commercial 
air lines, the Airport Operators Council, and the Air 
Line Pilots Association. The last three were, of course, 
represented on the full-time Policy Group. 

“During most of 1950 the Operational Policy Group 
diligently carried on with its work. It had been 
originally estimated that the task would consume 
about 6 months’ time, but the Policy Groun spent 10 
months of arduous work before producing its outstand- 
ing report entitled ‘Air Traffic Control and the National 
Security.’ 

“The report contains a detailed and comprehensive 
description of a practical and up-to-date air-traffic- 
control system for the United States—a system that is 
flexible and capable of expansion to at least double our 
present capacity, a system that will permit operations 
under virtually all-weather conditions, and a system 
that is based primarily on electronic equipment. 

‘Before closing, I will tell you of the highlights of the 
How- 
ever, I will make this brief, inasmuch as I note that 
your afternoon session is to be devoted to a Symposium, 
the subject of which will be All-Weather Flying. I am 
pleased to note further that virtually the entire Sym- 
posium Panel is made up of such people as Col. ‘Al’ 
Key, U.S.A.F.; Bert Moore, Chief of the Enroute Air 
Traffic Control Branch, C.A.A.; and Sam Saint, Direc- 


Operational Policy Group’s proposed system. 
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plementation program set forth in Air Traffic Control and the Nati. 


Coordinating Committee, Air Traffic Control & Navigation Panel 


A chart illustrating the equipment im 


ATE 
tor of the Air Navigation and Traffic Control Division 
of the Air Transport Association—all of whom were 
members of the Operational Policy Group. I see that 
Comdr. A. W. Wuerker, U.S.C.G., Chairman of the 
Operational Policy Group is also here. 

“The Chairman of the Symposium Panel, I notice, is 
Col. J. Francis Taylor, U.S.A.F., Chief of the All- 
Weather Flying Division, Wright-Patterson Air Force 
Base. Colonel Taylor has worked most diligently with 
the Operational Policy Group during the development 
of its report and has cooperated extensively—even to 
the point of making possible a complete Operational 
Terminal Area Enroute 
Systems as described in the Report. This Demonstra- 


Demonstration of the and 
tion, staged under actual operating conditions, utilized 
C.A.A. air-trafhe controllers and aircraft of all types 
from jet fighters and huge transports of all elements of 
Government and industry to the single-engined private 
plane. 

“In view of the Symposium, you will be able to find 
out, in as much detail as you desire, all about the new 
proposed system of air-traflic control as developed by 
the Policy Group. 

“I believe it 1s most important to point out that the 
proposed system is built on established and existing 
cvil and military programs and, further, that the 
overall plan lends itself to immediate implementation. 
Infact, as Chairman of the Air Coordinating Commit- 
tee, I am pleased to report to you that the Technical 
Division of the Air Coordinating Committee has already 
accepted this report and that implementation is already 
under wav. You may be interested to know that, in 
accordance with the recommendations of the Policy 
Group, the C.A.A. has under way a stage-by-stage 
activation of facilities to permit terminal area radar con- 
trol in the Washington, D.C., terminal area. 

“You will note that I have just stated that the first 
implementing activity was with regard to a terminal 
area. The Policy Group, in its examination of the 
deficiencies of the entire system, found that traffic 
congestion in the large metropolitan terminal areas was 
the principal bottleneck to the efficient movement of 
aircraft. This congestion is the prime cause of delays, 
cancellations, and disarrangement of traffic throughout 
The 
particularly serious during the high percentage of 
borderline weather when some traffic is flying on visual 
light rules while other traffic is flying on instrument 
flight rules. 


the entire system. terminal area situation is 


“Attention has been called to the elimination of these 
bottlenecks in the major metropolitan areas, because 
these areas, in turn, lower the efficiency of the operation 
throughout the entire United States. 
tion of commercial air traffic in the United States moves 
tither fo, from, or between some 17 principal terminal 
areas. Delays and cancellations spread from these areas 
10 hundreds of other airports throughout the country. 


The major por- 


“The Policy Group makes three major policy recom- 
mendations with regard to the terminal area problem. 
They are: 


facility in congested terminal areas. 
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“(1) Radar should become the primary traffic control 
All procedures, 
traffic patterns, control displays should be designed to 
supplement the radar and to serve the radar controller. 
Normally, aircraft would be required to have two-way 
communications, omnirange, and marker beacon re- 
ceivers to facilitate radar control and as a safety measure. 

“(2) More air-ground voice communications must be 
provided. 

(3) In areas of critical density where the system is 
fully implemented, it is recommended that the radar 
approach and departure procedures should be usable 24 
hours a day on the same basts. 

“The Policy Group further reports that another 
major element in the overall traffic-control system is 
en-route area traffic control, which is particularly im- 
portant along airways connecting major terminals. 
Navigation in such areas will be accomplished by air- 
craft using established navigation aids, including the 
omnidirectional ranges and various markers and bea- 
Later, the Distance Measuring Equipment will be 
Neither V.O.R. nor D.M.E., as you know, 
Im- 


cons. 
available. 
is subject to appreciable weather interference. 
proved traffic control in such areas will be accomplished 
through the use of a new, rapid communications system, 
supplemented by mechanical interlocks and aircraft 
plotting and position displays. On particularly con- 
gested routes, long-range radar will assist in traffic con- 
trol. 

“Because of its major recommendations with regard 
to the use of radar, the Policy Group closely scrutinized 
the limitations of the present-day radar, and the NAV 
Panel has already requested the Air Navigation De- 
velopment Board to develop, as a matter of highest 
priority, a simple radar safety beacon for aircraft con- 
trol purposes. This transponder is expected to be inex- 
pensive when produced in quantity and ensures radar 
coverage during such conditions as sleet, snow, and 
thunderstorms, as well as reinforces the echo from air- 
craft with poor reflective surfaces—a feature that is 
particularly important to the operations of jet aircraft 
and certain smaller private or executive type planes. 

“Further, the Policy Group advises that the air- 
borne radar safety beacon provides rapid aircraft 
identification information, which is of the utmost im- 
portance to the air-traffic controller, in addition to ex- 
tending substantially the range of the radar coverage. 

“The Group report points out that the speeding up of 
terminal area traffic and en-route traffic will result in 
shifting the bottleneck to a new location—the surface of 
the airport itself. The Group determined that major 
airports with maximum capacity of demand will need 
dual runways, runways of adequate width for instru- 
ment operations, approach light systems, adequate 
turn-off taxi-ways, and probably a minimum of 25 
loading gates. This is in addition to the need for an im- 
proved system of airport ground traffic control and 
guidance, which involves among other things the de- 
velopment by the Air Navigation Development Board 


(Continued on page 41) 
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(Above) A small selection from the many special- 
purpose electron tubes developed by Eclipse-Pioneer 


(Center) Sub-miniature “Trionode” tubes, developed 

by Northrop Aircraft engineers, are capable of per- 

forming the job of a conventional vacuum tube ten 
times their size. 


(Right) The research laboratory of Bendix Radio 

Division has produced this tiny electronic amplifier, 

weighing less than 2 oz. and capable of magnifying 
electrical impulses 3,000,000 times. 
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ELECTRONICS FOR AIRCRAFT 


(Continued) 


SUB-MINIATURE ELECTRONICS 


A guided missile (not to mention a fully equipped modern 
day bomber ) may contain anywhere from 500 to 1,000 vacuum 
tubes and several hundred different electronic assemblies 
From the standpoint of electronics, it is much more com 
plicated than any large-size radio broadcasting station. 

To keep our aircraft from becoming larger than the Empire 
State Building, it has been necessary to develop electronic 
equipment smaller than ‘‘small.’’ How well the electronics 
and aeronautical engineers have succeeded in this job is 
demonstrated by the randomly selected illustrations shown on 
these pages 

The extreme limits of miniaturization, however, have yet 
tobe reached. The possibilities in this field alone challenge 
the ingenuity of every electronics engineer and manufacturing 
company in the country 


(Continued on page 28 


(Below) J. M. Pearce, Chief Electronics Engineer of The Glenn 

L. Martin Company, inspects some of the intricate and delicate 

precision assembly details that characterize electronic aircraft 
equipment. 


Sub-miniature assemblies, so small and delicate that the 

wiring circuits can be “drawn” with a special silver ink 

to carry the tiny electrical currents, are illustrated above. 

The wire used in the coils of these assemblies is so fine 

that 20 miles of it weighs only a few ounces and 

must be handled under magnifying glasses and with 
special tools, as illustrated below. 


Photos Above and Below Courtesy North American Aviation, Inc 
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Problems of Standardizing 
Electronic Equipment 


for Aircraft 


By 
CHARLES R. BANKS* 


Aeronautical Radio, Inc. 


ABSTRACT 


his paper deals with the overall problems of aircraft 
tronic equipment standards as dictated by a planned common 


navigation traffic control system. The problems of implement 


aircraft electronics complying with operational and technic 


system planning are considered, together with a résumé of seve 


active organizations and committees participating in the progr 
It is hoped that this overall view of the whole program will p 


vide a better understanding of each individual problem of 
transition and the ultimate common system of all-weather 
traffic control. 

Problems of standardizing the aircraft electronic equip1 
necessary to solve high-speed, high-density aerial traffic requ 
the coordinated effort of operational and technical planni 


From the aircraft navigation and traffic problems, the solution 
which determines the operational and technical specificatio 
four chief phases of a complete system arise: (1) formulation of 
common system; (2) technical development of a system 
design and manufacture of the air and ground equipment 
(4) equipment installation on the ground and in the aircraft 

A system plan wherein technical characteristics are establi 
from the operational requirements provides the guidance for 
development of electronic equipment to solve air navigation 
air traffic problems 


Such operational and technical planning 
lowed by equipment development, provides the basis for the 
plementation and the use of each electronic device of the sy 
as it becomes available. The electronic equipment design, prox 
tion, and installation on the ground and in the aircraft art 
steps in transition from prescnt low-frequency four-course 1 


methods of operation to a completely new, highly precis¢ 


tronic system of navigation and traffic control. It is the many 


mathematical problems to be solved by electronic means to mi 
the operational requirements of pin-pointed positions, known 1 
of aircraft closure with its destination, and computed cours« 
computed landing schedules that create the requirements for 
vast number of electronic functions 

In order to implement the new electronic system, we must p1 
ceed from the newly formulated all-weather air traffic, air navig 
tion operational and technical standards to the technical d 
velopments, to the design, to the manufacture, and finally to tl 
utilization of equipment. Through all these technical phas« 
implementing a system, we must utilize known good engineering 
practices and standards of established aircraft equipment for 
factors, standards of primary power, and standards of equipm« 
electrical characteristics to expedite the program and to permit 

Presented at the Session on Electronics in Aviation—1, Ni 
teenth Annual Meeting, 1.A.S., New York, January 29-February 
1, 1951. 

* Chief Engineer. 


the application of our maximum effort to solving the new technical 
problems of the common electronic plan of air traffic control 

In our scientific approach to engineering fundamentals, we have 
progressed from the eighteenth-century period of disagreement 
among the early scientific investigators to the proof and accept 
ance of the many controversial fundamentals of fact at the be 
ginning of the nineteenth century. Despite our early disagree 
ments and the slowness of our start, we now find oursely 
only in the electronic age but in the ‘Age of Aeronautical Elec 
tronics.”’ 


Recognition of Maxwell's laws occupied one entire quarter of 


Larter oO] 


the last century. Now, 50 years later, we plan to implement, in 
the air and on the ground, within a 10-year period a coherent 
electronic plan of efficient all-weather aerial navigation and traftic 
control. This system in the 10-year transition period will use 
omni courses, distance to station measurement, computed courses 
to establish highly accurate aircraft pesition, and automatic air 


craft position reporting with visual indicators. It will b 


neces 
sary to use these primary navigation signals and combined com 
In the ulti 
mate plan, it must be possible for the system to project the air 


puted data to solve three-dimensional rate problems 


craft position into the future at specific times to control traffic 
Also the system must be capable of indicating at least one or mor 
alternate safe courses for a given aircraft, as shown by its own 
projected course or the projected course of other aircraft 
vicinity 


th 
n 


The electronic methods used in the solution to these operational 
problems must be adaptable for use by all aircraft, as we 
is for installation on the ground, so that engineers can plan 
technical system and design equipments that may be introduced 
in a methodical arrangement to permit a full transition from 
present-day equipment and operating methods to the ultimat 
common system. The electronic equipment plan must stem from 
the common aircraft traffic control system that is usuable by all 


iviation interests, and the plan must proceed in an orderly man 


ner through development, design, manufacture, and installation 

To accomplish in 10 years the ultimate system goal, we, as dé 
velopment and design engineers, must utilize all available tech 
nical standards and make exceptions to known practices only 


when the equipment program can be expedited by new techniques 
or in the cases where definite improvements in dependability, 
economy, or operating characteristics are of a very real magn! 
tude. 


INTRODUCTION 


IT REVIEWING HIS OWN ACCOMPLISHMENTS in the field 
of science, Sir Isaac Newton once said that he often 
seemed to himself only like a small boy playing on the 
seashore, diverting himself now and then in finding 4 
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gnoother pebble or a prettier shell than ordinary, while 
the great ocean of truth lay all undiscovered before him. 
So it often seems in our application of electronics to 
solve the problems of aerial navigation. Today, we 
have an operational plan that is technically compatible, 
but we are often tempted with the diversion of creating 
the shinier knob, the more attractive box, while the real 
problem remains unsolved. This instinct for originality 
is, indeed, the essence of an engineer, for standardiza- 
tion of design is inherently incompatible with his crea- 
tive mind. 

We are not the first to be confronted with this con- 
test between originality and standardization. Before 
final agreement on basic scientific fundamentals, there 
ensued a long period of continuous disagreement among 
the early scientists. This controversy was due in part 
to their inquiring distrust of the concept of uniformity 
and in part to the limitations of the minds of men deal- 
ing with pure fundamentals. 

Today, we, as engineers, use the basic work of New- 
ton, of Maxwell, and of many other early scientists to 
solve our engineering problems. Thus, in the design 
and use of electronic products, we speed our creative 
work through its engineering stages, production, and 
application to the operational service by the use of 
basic scientific laws and engineering standards. 

Electronics in the airplane is now approaching one- 
quarter of its total value. In addition to engine igni- 
tion and aircraft electrical systems, radio, radar, elec 
trical pilots, electronic computing, and other electrical 
devices are now being installed in many new aircraft. 
Because of this vast requirement for aircraft electronic 
equipment and because it is necessary to use additional 
equipment to solve air tratliec problems, we must con- 
serve our talents and avoid individual investigations of 
already solved designs when deviations from standards 
do not achieve major improvements in equipment per- 
formance. 

However diverting the details of the problem are, we 
must apply our ingenuity to the creation of apparatus 
that will perform complex multiple functions with de- 
pendable precision and so implement the electronic 
program of the common system of air traffic control 
which has been conceived as the ultimate plan. <A 
study of the design and the in-service performance of 
the many types of electronic units already in use pro- 
vides the bases for many standards that may be directly 
applied to the air navigation problems. 


STATEMENT OF THE PROBLEM 


Our problem is to implement by 1960 an all-weather 
air traffic navigation system common to all users of the 
airspace. For all-weather operation, radio waves pro- 
vide the only method of continuously exchanging in- 
telligence between the aircraft and ground and between 
the ground and the aircraft in flight. Thus, an efficient 
all-weather traffic control system capable of providing 
accurate guidance and control information from the 
ground to the aircraft establishes the requirements for 
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a common electronic program for all users of the air- 
space. The magnitude of this problem can be judged by 
comparing the precision system of air traffic control and 
of air navigation with the old four-course radio-range 
method of instrument weather operation. These low- 
frequency facilities, in general use during the years from 
1930 to 1950 and now to be replaced by a new common 
system, will be replaced in 10 years at a cost, for 
the air-borne equipment, of more than 25 times that of 
the total cost of low-frequency aircraft equipment used 
during the past 20-year period. 

The assemblage of electronic equipment which will 
accomplish the operational functions required by all 
users of the airspace and which will take into account 
such factors as variable aircraft speed and highly dense 
aerial traffic requires a several-fold increase in the use 
of electronic equipment on the ground and in the air. 

The engineering solution to the electronic control 
system must be pursued through development, design, 
manufacturing, and installation to the maintenance of 
the equipment required to perform the tasks. After an 
air-ground technical program capable of being used by all 
aircraft has been established, 3 years are still required to 
develop and produce one unit of the air-borne equip- 
ment. ‘To install air-borne equipment in commercially 
operating aircraft requires another 2 years. Thus, a 
total of 5 years is spent from the equipment planning 
stage to that of operational use. Since many types of 
electronic devices are required to complete the ultimate 
traffic control air navigation system, overall standard 
electrical characteristics must be adopted and adhered 
to in order to implement rapidly the first electronic units 
of the system and to avoid obsoleting these units by in- 
troducing later equipments having characteristics dif- 
fering from the common plan. 

Thus it follows that standardization of the electronic 
program technical characteristics is the bridge from the 
air traffic control operational plan to the final use of this 
equipment. This bridge must remain firm. We can- 
not replan, re-engineer, and redesign complex techni- 
cal programs during the implementation of the system. 


AGENCIES FORMULATING THE OPERATIONAL AND 
TECHNICAL CHARACTERISTICS OF THE COMMON SYSTEM 


Operational characteristics of a common air traffic 
navigation system were formulated for all users of the 
airspace by Special Committee 31 of the Radio Tech- 
nical Commission for Aeronautics. Upon the request 
of the President’s Air Coordinating Committee, this 
special committee was established in June, 1947, to con- 
duct a study of Air Traffic Control. The Report pre- 
pared by the committee members, chosen for their op- 
erational and technical experience, considered the basic 
principles of Air Traffic Control, together with the equip- 
ment and procedures required to implement a transition 
and an ultimate traffic control system based on the study 
of air navigation and of air traffic control operational 
requirements, coordinated with technical systems. 
The result of this intensive survey was the traffic control 


snot 
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plan now known as the “Common System.” As its 
name denotes, it 1s designed to meet the common needs 
of the military services, scheduled air carriers, comet 
cial operators, and private fliers. 

The Air Coordinating Committee, which originated 
the request for the R.T.C.A. air trathe control study 
was formed in 1946 by the President for the purpose o! 
examining aviation problems and technical develop 
ments affecting more than one participating agency of 
the U.S. Government. By executive order, this Com 
mittee is directed to consult with, examine, and submit 
views of agency department heads and to make recom 
mendations by interim reports with a specific require 
ment to prepare a yearly report. This body, usually 
known as the A.C.C., is comprised of representatives 
from the State, War, Navy, Air Force, Post Office, and 
Commerce departments, the Civil Aeronautics Board, 
and a nonvoting member of the Bureau of the Budget 

Historically, the Radio Technical Commission for 
Aeronautics, usually referred to as R.T.C.A., was 
organized in 1933 because of the need for coordinated 
planning among the civil, military, and private acr 
neutical users. This assembly of all airspace users was 
necessary in order that technical studies could be con 
ducied to apply radio techniques to the eflicient use ot 
the common airspace and the landing areas and to 
communications and air traflie control. It is an infor 
mal and cooperative organization that appoints special 
committees to perform specific tasks for example, SC 
12, which establishes test procedures and standards fo1 
equipment operating on frequencies below 30 me., and 
SC-21, a committee concerned with the standardization 
of the distance-measuring system. These are but two o! 
many special committees working on aeronautical radio 
equipment characteristics. 

It is in the cooperative R.T.C.A. organization, com 
posed of voluntary membership and working without 
power to enforce its findings, that all agencies, Govern 
ment and civil, may consider and agree upon aviation 
electronic technical standards. This group provides in 
terested civil agencies with an equal voice in a technical 
coordinating body. The R.T.C.A. Executive Com 
mittee, meeting monthly, manages the affairs of, and 
conforms to the policies of, the main assembly. This 
Executive Committee is comprised of one representative 
from the following agencies: State, Treasury, Navy, Ai 
Force, Commerce, Federal Communications Com 
nussion, and the Civil Aeronautics Board, and the fol 
lowing civil agencies: Aeronautical Radio, Inc.; Ai 
craft Owners and Pilots Association; Airline Pilots 
Association; Air Transport Association of America; 
Radio Television Manufacturers Association; and the 
Aircraft Industries Association. 

The common all-weather navigation system, a plan 
requested by A.C.C. and prepared by R.T.C.A., was 
unanimously endorsed by Government and industry 
and supported by the President's Air Policy Commis 
sion and the Congressional Air Policy Board. The 
“Common System’ was compatible with the Commis 
sion’s and the Board's findings—that our national econ 
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omy and our national defense required this standard. 
ized approach for a solution to air traffic control prob 
lems, 


A brief explanation is now given of the Air Naviga 
tion Development Board, organized to develop the 
technical characteristics of the two distinct phases of the 
“Common System,’’ which in the transition period js 
expected to be in full operation during the year of 1953 
and in the ultimate program by 1963. This board was 
formed after an exhaustive study of the air navigation 
problem by the Research and Development Board. 
which recommended its formation. The Secretaries of 
Defense and Commerce, concurring in the recommenda 
tions of the Research and Development Board, issued a 
charter in May, 1948, for the creation of the Air Naviga 
tion Development Board within the Civil Aeronautics 
Admunistration. This Board, frequently called A.N 
1).B. (consisting of four full-time representatives from 
the Army, Navy, Air Force, and the Civil Aeronautics 
Administration), has a Director of Development witha 
technical staff to formulate, integrate, supervise, and 
prepare a single comprehensive budget for all research 
and development on the “Common Plan.” 

Liaison with the A.N.D.B. is maintained by the 
A.C.C, to assist A.N.D.B. technical planning in matters 
related to the common system operational requirements 
It is the A.C.C. Navigation Panel that monitors the 
technical development of the common program to en 
sure that the operational requirements of the System 
are maintained in all Government agencies. These in 
terpretations of the operational requirements estab 
lished by the R.T.C.A. Special Committee 31, as re 
viewed by the Navigation Panel of the Air Coordinating 
Comunittee, are transmitted to the Air Navigation De 
velopment Board to assist the technical formulation of a 
unified research and development plan for the elec 
tronic systems and equipments necessary to implement 
the transition and the ultimate common air navigation 
program, 


In these Government operational planning, technical 
planning, and advisory bodies (such as the Air Co 
ordinating Committee, the Air Navigation Develop 
ment Board) and in other Government bureaus, civil 
aviation interests are represented by the Civil Aero 
nautics Administration (C.A.A.), which is charged by 
Congress to regulate and to develop aviation. The 
C.A.A. is the technical and the regulatory Government 
agency established by Congress to assist and further the 
growth of civil aviation. Through the Civil Aeronautics 
Board (C.A.B.) regulatory laws are formulated, and 
through the C.A.A. these laws are enforced. The 
C.A.B. and the C.A.A., an aviation agency administered 
in the Department of Commerce, make and enforce 
laws within the one agency. This dual personality has 
been well administered during the last 20 years, as at- 
tested by the growth and technical progress made 10 
civil aviation. The ground electronic aids common to 
all users of the air are installed and operated by the 


C.A.A. 
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PROBLEMS OF STANDARDIZ 


\GENCIES IMPLEMENTING THE TECHNICAL STANDARDS 
op THE EQUIPMENT FOR THE COMMON TECHNICAL 
SYSTEM 


The technical system of the common plan is guided by 
the specifications and equipment characteristics estab- 
lished by the Air Navigation Development Board. In- 
dividual development projects may be assigned to the 
technical bureaus of our military services, or they may 
be guided by the C.A.A., by research organizations 
associated with our universities, or by the laboratories 
of our electronic manufacturing industry. The ground 
aids of this Common System are installed and operated 
by the C.A.A., while the air-borne units are installed 
and operated by the users of the airspace. Technical 
standards for the air-borre equipment are established by 
the military bureaus, by the C.A.A., by the commercial 
users of the airspace, and by the Radio Television 
Manufacturers Association for the itinerant flier. Fre 
quently, common specifications and standards are es 
tablished for specific equipments among all the airspace 
users. R.T.C.A. continues to develop, through its 
common meeting ground, many technical standards for 
the system to guide the implementation of the transi- 
tion program for the military, the C.A.A. commercial 
air lines, itinerant flier, and the radio manufacturer. 

In commercial aviation, Aeronautical Radio, a non- 
profit commercial aviation company known as ARINC, 
has, through industry committees, established air- 
borne equipment standards to ensure technical com- 
pliance with the operational and the technical charac- 
teristics of the ground and air standards agreed upon in 
R.T.C.A. for the implementation of the A.N.D.B. 
technical developments. These air-line industry equip- 
ment characteristics consider not only the electrical re- 
quirements but the installation problems, the de- 
pendability factors, and the pilots’ use. 

Since the end of World War II, air-line technical per- 
sonnel, identified as the Airlines Electronic Engineering 
Committee (A.E.E.C.), working with the staff assistance 
of ARINC, has been formulating standards for aircraft 
electronic equipment to be used in air-line services. 
The activity of this committee is concerned with the 
immediate implementation of the transition electronic 
equipment and the ultimate equipment necessary to per- 
form the functions outlined in the R.T.C.A. Common 
Plan. With the staff assistance of ARINC, the A.E.E.C. 
has prepared V.H.F. navigation communication re- 
ceiver and glide slope receiver characteristics and a con- 
trol circuit specification for aircraft radio equipment 
and has produced the Aeronautical Radio Synchro Sys- 
lem Manual. Other equipment projects now active in 
the committee are both H.F. and V.H.F. multichannel 
communications equipment, as well as the new distance- 
measuring equipment. 

An example of the aircraft transition program tech- 
tical problem of system implementation can be ob- 
served by looking at the problem involved with one 
unit of the system, the comparatively simple tran- 
sition from a ten-channel V.H.F. transmitting and 
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receiving equipment to one providing 360 channels 
for the ultimate Common System of airway dispatch, 
traflic control, and airport tower communications. 
In planning equipment to perform these functions 
by double-channel and by single-channel communi- 
cations, with provisions for a private line visual 
display of intelligence, we have one example of the 
many technical problems. The engineer in design- 
ing V.H.F. communication equipment for the transition 
period must plan for its use in the ultimate program. 
The present-day air-line ten-channel air-borne V.H.F. 
communications equipment (modified to provide 20 
and, again, to provide 50 voice channels) will become 
obsolete during the transition period because of in- 
sufficient channels and will require the installation of 
new equipment to provide these additional channels. 
This new equipment must be designed to expedite its in- 
stallation into existing aircraft during the transition 
period and to provide the functions and the channels 


system. 

This ultimate air-borne V.H.F. communications 
equipment will be capable of operating on 360 discrete 
channels with a receiver sensitivity of a microvolt, and 
it is this equipment that will be required to operate in 
close proximity to 120-channel localizer omnirange 
navigation and approach control communication re- 
ceivers. Two such communications units and two 
navigation receivers will generate a multitude of spurious 
signals, in single and in multiple combinations, which 
may interfere with the reception of the desired signals. 
The probabilities of spurious signal interference become 
still greater as additional equipments are installed in 
the aircraft system. It is because of the complexity 
of the many technical problems that are generated 
within the electronic system, as in the case of the 
spurious signals, that we must carefully plan our elec- 
tronic units and establish standard characteristics. 


INSTALLATION OF THE COMMON SYSTEM 


The problems of implementing the air-borne elec- 
tronic equipment for the transition and the ultimate 
Common System of air traffic control can be estimated 
by comparing the low-frequency four-course radio- 
range method of air navigation and traffic control with 
the transition and the ultimate precision navigation 
method of efficiently controlling dense high-speed air 
traffic. 

The four-course range system required the use of a 
low-frequency receiver in the aircraft. A medium- 
frequency transmitter was used with the range receiver 
for two-way communications with the ground station. 
As flight operations began to predicate aircraft schedules 
based upon the pilot’s use of this radio apparatus, the 
second range receiver was installed in the airplane. In 
this early period, the air lines established a communica- 
tions network capable of maintaining contact with the 
aircraft throughout its flight. The basic low-frequency 
system was improved over a 20-year period by adding 

(Continued on page 55) 


necessary for the ultimate common air traffic control 
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(Continued) 


PACKAGING ELECTRONICS 


Weight and size are the primary considerations given to any 


equipment that is to be air-borne. However, with modern-day 
military aireraft operating through such a wide range of altituck 


temperatures, and speeds, the problem of giving adequate pro 


tection through housing and packaging also becomes one of 
prime importance Phis is particularly truce of delicate and 
sensitive clectronic equipment and instruments, which tmust 


function perfeetly regardless of external conditions 

Po meet the present specifications requested by the Air Fores 
and the Navy, electronic equipment must be capable of operating 
etherently at 70,000-ft 


from 60° to +200°C 


altitudes, through temperatures ranging 
stand a shock of 50 G's for LO miallises 


and have a minimum life of 1,000 hours 


Continued on page 31) 


Magnesium, because of its light weight, is extensively used for 
casings and special housings for electronic equipment. The com- 
puter cases (right) and special pressurized housing (center) are 
produced by Brooks & Perkins, Inc., of Detroit. The functional 
packaging of air-borne electronic equipment designed and manu- 
factured by Servomechanisms Inc. is illustrated below. 


(Bottom left) This Integrator unit of an Angular 

Rate and Displacement Indicator, produced by 

Doelcam Corporation, is a typical example of 
compact, functional packaging. 


2° 00 op 


(Above) Assembling and “packaging” of delicate electronic equip- 
ment are important parts of the aircratt manufacturer's job these days. 
This is a scene in The Glenn L. Martin Company plant. 


Sub-miniature assemblies, such as the one held here by Eleanor 
Hatch, of North American Aviation, are conveniently packaged and 
hermetically sealed in plastic cases. 
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Packaging of 


Air-Borne 


Electronic Equipment 


ORVILLE M. DUNNING* 


Hazeltine Electronics Corporation 


PROBLEMS ENCOUNTERED in packaging elec 
tronic equipment today are largely the result of 
the drive for miniaturization which began near the end of 
the war and has been building up since that time. Just 
prior to World War II, the trend for packaging air-borne 
electronic equipment had tended to stabilize for a 
variety of different purposes, around the familiar ATR 
construction. This had the advantage of providing a 
series of standard package sizes which could be con- 
veniently stacked, standardized connection arrange 
ments, panel locations, and other similar conveniences. 
It also involved the almost universal use of a horizontal 
chassis pan with vacuum tubes and major components 
accessible from the top and all wiring and minor com- 
ponents on the the this has 


proved convenient to manufacture, cheap, easy to serv- 


bottom. Over vears, 
ice and maintain, and therefore completely satisfac 
tory. It has been tested in the hard school of actual 
Most of the 
equipment that was built in this form was no more com 
plicated than a total of ten or 15 vacuum tubes with the 


corresponding circuit elements. 


manulacture and use and has succeeded. 


As a result of the enormous growth of electronic aids 
during and since the war, these arrangements have be 
come somewhat obsolete. To begin with, the total 
amount of electronic equipment to be carried in air- 
craft has multiplied with the expansion of electronic 
functions, and the end has not been reached. There 
are, today, dozens of proposals to increase the number of 
functions to be performed by additional electronic 
equipment. Not only has the amount of equipment 
multiplied but, in addition, the complexity of each 
individual equipment has grown several fold. Equip- 
ments with a total of 50 to 100 tubes each and with 
greater mechanical complexity are frequently suggested. 
Thus, the total quantity of electronic equipment has been 
increasing on a sort of square law curve and threatens 
to continue to do so until a limiting action of some 
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kind appears. It is evident that, if an attempt is made 
to provide this multiplication of facilities on the basis 
of the old conventional ATR construction, too much of 
even the largest aircraft would be devoted to electronic 
equipment. 

Designers have, of course, been continuously con- 
scious of the growing problem and have done a number 
The first of these 
was the use of miniature tubes which permitted a gain 
of something approximating 2 to | in volume but with 
no fundamental change in form or design practices. 


of things to alleviate the situation. 


This has been followed by the subminiaturization trend 
This 
may be said to have as its eventual objective the accom- 


involving not only tubes but all components. 


modation of both the increased number of equipments 
and the increased unit complexity within the space and 
weight allocated to the far simpler gear of some years 
ago. 

As of now, subminiaturization can no longer be con- 
sidered a new art. It has been worked on for at least 5 
vears and has been written about extensively in the 
engineering literature. Many and varying ingenious 
techniques and components have been proposed for 
accomplishing the purpose. The very fact that after 
all this work and time there is no standardized or 
accepted subminiature packaging technique, or even any 
identifiable trend in that direction, is proof of the diffi- 
culties inherent in the problem. It must be kept in 
mind that any new and different technique of this sort, 
involving a wide departure from a previously standard- 
ized technique, can only be evaluated and shaken down 
through the orderly process of actual manufacture and 
use. No amount of advance speculation can completely 
eliminate the trial by fire. Past experience indicates 
that eventually one or two techniques will emerge as 
most generally satisfactory and will be almost univer- 
sally adopted. 

Most of the problems encountered in arriving at a 
subminiaturized equipment design can be summed up 
in the following: 

(1) The 
nents. 


development of new small-size compo- 


Reduction in size is usually accompanied by 


| 
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deterioration of characteristics or performance. What 
is required here is frequently a reduction in size with 
improved performance at least in some directions 
With the already highly developed state of the elec 
tronic art, it is obvious that such an objective cannot b« 
achieved without great effort and much time. 

2) Solution of the problem of increased tempera 
tures inherent in a great decrease in volume for a given 
function. This phase of the problem has already been 
much discussed. The two basic solutions that hav« 
been proposed are (a) the use of components that will 
operate at much higher than conventional tempera 
tures without deterioration or (b) means for suflicientl\ 
accelerating the conduction of heat away from the 
equipment to elevated temperatures. The 
choice between these alternatives is by no means cleat 


avoid 


A compromise may emerge. 
(3) 


components. 


Interconnection and mechanical 


support ol 
Our conventional fastenings, such as 
screws and rivets, are frequently too space-consuming 
Con 
ventional methods of wiring become too cumbersome, 


and lack adequate strength when reduced in size. 


but a reduction in size of terminals and wire results in a 
loss of sturdiness which cannot be tolerated. 

We still seem to be a long way from achieving a 
satisfactory answer to these problems. 

It is not the objective of this paper to make further 
new proposals for techniques in subminiaturization or 
even to attempt to appraise those already made but 
rather to call attention to one or two criteria for sound 
designs which appear thus far to have had too little 
attention. 

The process of consolidating a large number of cit 
cuit elements in a small space invariably means that the 
total volume must be rather completely filled. This, in 
turn, inevitably reduces the accessibility of individual 
components. <A brief comparison between an old styl« 
chassis pan equipment and almost any modern sub 
miniaturized design will emphasize the truth of thes« 
statements. The problem of supporting rigidly and, 
at the same time, maintaining adequate insulation 
renders accessibility most difficult in any case. Some 
designers, in approaching the subminiature packaging 
problem, have attempted to provide access by means of 
quickly removable multiple subassemblies. Other ce 
signers have apparently concluded that such access is 
not important or, in fact, may be disadvantageous. It 
has been argued that the time required to locate and 
correct a fault may, in many instances, be much mor 
than the actual value of the individual subassembly in 
volved. If this is true, the servicing problem could bs 
greatly simplified by simply locating and then removing 
and replacing the defective subassembly with a new 
subassembly. These arguments have led several de 
signers to propose subminiature constructions in which 
accessibility and serviceability of individual compo 
nents have been almost, if not entirely, eliminated. 

If the argument for throwing away the subassembly 
instead of trying to repair it is sound, the job should be 
done by procedure instead of being designed into the 
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equipment. In other words, the service personnel 
should be instructed to discard such subassemblies 
without attempting detailed analysis of the fault rather 
than being required to do so by the inherent design, 
Anyone who has had contacts with the field will recog- 
nize that there are times when a stock of suitable re- 
placements is not available. Under these circum. 
stances, a resourceful repair man can frequently get 
equipment back into working condition with no more 
than a soldering iron and a little ingenuity, provided 
the individual components are accessible. A design 
that deprives him of this possibility seems to be un- 
sound, 

A much more important objection to the philosophy 
of nonaccessibility is to be found in the production proe- 
ess in which these units are originally constructed. If 
a relatively large quantity of units is to be produced 
rapidly and on an economical basis, the design must be 
considered from a production point of view. Such a 
production process itself is a highly orderly procedure if 
it is at all efficient. Ideally, 100 per cent perfect com- 
ponents should arrive at the production line just in ad 
vance of their requirement in the assembly procedure. 
An attempt to approximate this condition is made by 
providing a lead time for components and an inspection 
procedure that will weed out at least most of the defec- 
tive components in advance of their utilization in the 
line. If care and skill are used in this process, orderly 
production can and does result. 

It is, however, the experience of every manufacturer 
that unexpected troubles develop all too often during 
production. These occur for a variety of reasons, such 
as a sudden change in some unspecified characteristic of 
the component, a change in manufacturing methods in 
components, etc. In the usual orderly production 
setup, provision is made to handle such difficulties by 
including repair facilities. This, however, demands 
accessibility to permit such repair work to be done 
rapidly and conveniently. Therefore, any design that 
is not completely accessible as to components will be 
unsatisfactory in production. 

If the design is such that when one component of a 
subassembly fails the entire subassembly must be 
thrown away, a still greater handicap to the production 
process results, since it makes it almost impossible to 
determine with any precision the exact quantities of 
material required. Many good and useful components 


are thrown away with the defective one. Delivery 
schedules for components, production schedules for 
subassemblies, and all other related activities are thus 
rendered indeterminate. Such situations are abhorent 
in the order of the production process. 

Designs that involve complete inaccessibility of the 
components have actually been tried a few times —not 
just recently but over 25 years or more. In every i0- 
stance the production experience with such designs has 
been so unsatisfactory that they have been promptly 


abandoned in favor of more accessible designs. 
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(Continued) 


COMPUTERS AND ANALYZERS 


The speeds with which supersonic aircraft and missiles travel 
today have introduced problems in mathematics that defy 
solution by human beings within time limits that are practical. 

Once again, electronics has been called upon to bridge the gap. 
From the small, portable, ‘‘trouble-shooting’’ engine analyzer 
(pictured below) to the multimillion-dollar electronic computers 
housed in some of our universities and research laboratories, 
these ‘magic brains’’ save untold hours of human labor. 


Continued on page 37) 


The complexity of an “electronic brain’ may be judged by this 
photo of the power supply junction box of Boeing Airplane 
Company's analog computer. 


(Right) An electronic portable engine analyzer, 

developed by Sperry Gyroscope Company, 

detects and interprets engine troubles more 

rapidly than would be possible for a human 
mechanic. 


(Below) Typical of different types of electronic 
calculators is this “‘Events-Per-Unit-Time’’ Meter 
developed by Berkeley Scientific Corporation. 


Bell Aircraft Corporation—with its guided missile, rocket engine, and 
subsonic aircraft research and development program—has found great 
use for electronic analog computers of the type shown below, where 
differential equations of the seventh order can be computed at a great 
saving in man-hours. 


(Below) This device, called a Theodolite Film 
Reader by Telecomputing Corporation, records 
(in IBM card form) data originating on 35-mm. 
film records of missile flight paths. 
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ir-Borne Antenna 


Problems 


By 
DR. HARALD SCHUTZ* 


The Glenn L. Martin Company 


SYNOPSIS 


A few years ago the design of antennas for aircraft was a simpl 
matter. Wires could be strung between wing and tail surfaces o1 
loops mounted outside the fuselage. 
tenna drag was of little importance. 

Modern high-speed aircraft, piloted and pilotless, carry many 
types of electronic gear. 


Aircraft were slow, and an 


Antennas covering a wide range of fre 
quencies and capable of filling a variety of radiation requirements 
must be supplied. They must operate under different environ 
mental conditions and must be able to radiate considerabl 
power. 

At the same time, aircraft have been streamlined to aerody 
namic perfection, and antennas may no longer protrude into th 
air stream. Stress analysis has progressed, and weight economy 
has forced utilization of the skin of wings and fuselage to carry 
load forces. Therefore, it becomes increasingly difficult to obtai 


permission to cut the skin. Wing thickness is reduced, and insid 


space is utilized for structural members, controls, fuel storage, 


and armament. Space for antennas is hard to find. 

A compromise between justified requirements of air-bori 
tennas and of aircraft to carry them aloft must be achieved. For 
this purpose, areas of mutual understanding between aircraft an 
antenna engineers must be created and cultivated in the commor 
interest of producing a well-balanced design. 

Air-borne antenna design makes use of practically all known 
tenna types. Complicated mechanical scanning mechanisn 
dipole and slot antennas, helical antennas, polyrods and arrays o! 
radiating elements, lens structures, electromagnetic horns, and 
many other types are being continually improved and adapted t 
air-borne use. 


DISCUSSION 


A RADIO ENGINEER WHO DESIGNS electronic equip 
ment feels at home among his friends. His equip 
ments accept electrical inputs. They do something wit! 
those inputs and produce electrical outputs. The radio 
engineer stays within the house, he has his family all 
around him, and he’s quite happy. No enemy threatens 
him unless it is somebody who wants to standardize his 
setups or somebody who wants to force him to sub 
miniaturize his equipment, which are admittedly diffi 
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cult problems. The antenna engineer, however, is 


beset by the hostile world. His problem is to design a 
good antenna that works satisfactorily in a whole system 
of equipment. I want to stress the system standpoint 
because it is extremely important. Antenna engineers 
can design satisfactory antennas if the specifications of 
performance are given, and many different antennas 
can be mounted on various types of aircraft, but overall 
results are often disappointing. 

Just recently, an aircraft engineer took a trip out 
West to a Government testing facility. He came back 
with flashing eyes, called me to his office, and said 
“We have the most inefficient antenna group I have 
ever seen. You spend a great number of dollars, pre- 
cious man-hours; you disturb the aerodynamicists, you 
bother the stress engineers; and what do you get? Those 


awkward, large, drag-producing heavy — structures. 
Now, when I was out at such and such a proving ground, 
I saw the nicest, smaliest antenna; it was nothing but 
a button 1 em. high. That's what we want on our air- 
planes and I wish you would see that we get it.” I 
asked the man what exactly this antenna was supposed 
to do. He didn't know, of course, because he is not a 
radio engineer. I asked to see the antenna pattern, 
which he couldn't get because it was a classified project. 
Then I explained to him that an antenna by itself may 
be wonderful, and yet it may not work on the airplane. 
I also admitted that we were probably not smart 
enough for the problem, and I expressed my desire to 
see the masterpiece. I may get to see it in the future. 

Let us now discuss what antennas really are. An- 
tennas are transducers between a transmission line and 
outside space. Therefore, in an electrical sense, they are 
not much different other transducers. Un- 


fortunately, if we want to apply those antennas to all 


from 


airplane, we have to reckon with system requirements. 

Looking at antennas, we discover that they may take 
many different shapes. In fact, in our laboratory we 
have a small museum where we have devices looking 
like cuspidors, others looking like rolling pins, others 
looking like optical slots, and others are pieces of wire. 
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There are many other different things 
and what have you 
the amazement of people who do not directly work with 
them. 

Energy is usually transmitted along wires in elec- 


megaphones 
and all of them we call antennas to 


trical equipment, and, in recent years, where the fre- 
quencies get higher and the wave lengths get shorter, 
energy is also transmitted through coaxial lines or 
through pipes. An open-wire line transmits some of the 
energy aud it radiates some. Therefore, every open- 
wire line also is an antenna. It is our problem to build 
good antennas -that is, antennas that radiate out as 
much as possible of the energy impressed upon them, or, 
conversely, that receive almost all of the energy they 
can glean out of space. 
Please refer to Fig. 1. It explains some of the fre- 
quency-band denominations. You see the Very Low 
Frequency Band below 30 ke.; then the Fre- 
quency Range, the Medium, the High, and the Very 


Low 


High; then they find that radio engineers ran out of 
adjectives, so they called them Ultra High, Super High, 
and Extremely High Frequencies. 

Since the decimal system has no end, it is possible to 
have a few more decades, and then you get into heat 
ultraviolet. 
This points up the fact that all the radio waves and all 


radiation and visible radiation and into 
the other electromagnetic radiations are cousins. <A 
magnetic and an electric field, vertical to each other, 
have to exist together. If you get rid of the magnetic 
field in such radiation, vou also get rid of the electrical, 
and the other way around. As the frequency goes up, 
the wave length goes down, which should be remem 
bered. 

For systems considerations, we are also forced to con- 
sider the characteristics of radio-wave propagation 
through space. If you just have space and nothing else 
init, there isn’t too much difference in wave lengths of 
propagation. Most wave lengths will work satisfac- 
torily. However, space has been filled for us by nature 
with all sorts of things. There is water vapor, there is 
the interesting ionosphere, there are also things project- 
ing out of the ground and many metallic objects pro- 
jecting out of aircraft. Therefore, propagation charac- 
teristics must be carefully considered. In general, we 
will find that some wave lengths or frequencies are 
adaptable to some conditions but not to all of them. 

Before we can even begin to design an antenna, we 
must consider that the antenna must work satisfac- 
torily under environmental conditions. If we now con- 
sider antenna parameters, we immediately encounter 
the term of ‘“‘antenna gain.’’ Everybody wishes to have 
ahigh-gain antenna. Antenna gain works equally well 
that is, if the 


antenna is a transmitting antenna of high gain, it works 


in transmission as it does in reception 
the same way in reception—that is a law of reciprocity 
which proves useful for measurements. 

Antenna gain is often referred to an ideal gain stand- 
ard known as the “isotropic radiator.’’ Such a radiator 
is supposed to radiate equal energy in all directions 
through 360° of 


space. Such an isotropic radiator, 


while continually referred to, is extremely hard to build; 
in fact, I have never seen one built. 

The first restriction is a hemispheric radiator—that is, 
a radiator radiating equally well in all directions in one 
hemisphere. That, for some navigational applications, 
Even this 
is hard to build, and I want to say it is difficult to 
approach anything like an omnidirectional radiator on 
an airplane. On the other side of the picture, we find 
sharply directive antennas, and these again become 


is an extremely desirable air-borne antenna. 


harder and harder to build as we increase the direc- 
tivity. 

It is, for instance, quite feasible to build an antenna 
system that will concentrate almost all of the radiated 
energy inside an angle of less than 1°, which is a sharp 
bundle of energy indeed. However, I have never seen 
an antenna that will produce completely parallel rays. 
Sometimes, however, I find people proposing that we 
build a lens antenna to produce convergent rays. In 
long-range work one could realize extremely high gains 
with it. Maybe one could build a good radar that way. 

Another term found in radio engineering is the 
“polarization” of the electromagnetic field. The plane 
of the electric vector is usually assumed to determine 
the polarization. If its plane is vertical, the wave is said 
to be vertically polarized; if horizontal, it is a horizon- 
tally polarized wave; or, finally, we may assume that 
this vector rotates. Its speed of rotation depends on 
the frequency, and, if the vector always stays the same 
magnitude, we speak of circularly polarized waves. 
However, these, again, are hard to achieve, and we fre- 
quently wind up with elliptically polarized waves rather 
than circularly polarized ones. 

Then we get a specification calling for a certain maxi- 
mum ellipticity. To compute the power gain of our 
antenna types, we introduce a useful term called “the 
antenna aperture.”’ The antenna aperture is the size of 
its opening. The antenna may be a horn, it may be a re- 
flector, it may be a lens, it may be a slot, it may even be 
a wire, but it is always possible to compute or to experi- 
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Antenna power gain. 


ment and find the antenna aperture. This aperture is 
expressed in numbers of wave lengths rather than 
inches or centimeters. 

In referring to Fig. 2, we find some rough figures, and 
Various 
types of radiators are shown. On the top, you see thi 


later it will be shown why they are so rough. 


isotropic radiator, and, since it is our gain standard, we 
assign gain | toit. Then we have the half-wave dipole, 
which has become familiar all over the land because o! 
the innumerable television antennas we see sprouting 
from roofs. We then see the 
optimum horn, a megaphone-like structure, the flare of 
which has been developed in such a way that the best 


It has a gain of 1.64. 


possible gain is obtained. A indicates the aperture; 
\, the wave length. You see how aperture, wave length, 
and gain are related. The next line shows a reflector o1 
lens antenna. Please note the approximate sign. The 
gain is about 70A ‘AX. The uncertainty comes about be 
cause of the way we illuminate the reflector or lens 
The illumination determines the gain and other charac 
teristics. 

The last line shows the broadside array. A broadside 
array is an array or a group of individual radiators sup 
plied from one or several sources of energy in a carefully 
regulated manner to produce a beam vertical to the axis 
of the array. 

A question may be in order to find out why one uses 
very high, ultra high, extremely high, etc., frequencies 
Fig. 2 gives the answer. If one wants a high antenna 
gain with a sharp beam, he must have an antenna 
measuring many wave lengths. Since few people will 
happily permit large air-borne antennas, one must use a 
short wave length. Limitations of propagation through 
space must be remembered. 

Radars in the last war invaded the so-called micro 
wave region, which might be thought to extend from 
1,000 me. up. In trying to understand the operation of 
microwave antennas, we are helped by concepts of 
optics. We speak about plane or flat wave fronts. 
Plane wave fronts might be produced by a point source, 
radiating isotropically, located infinitely far away. 

On Fig. 3 we see a plane wave arriving from the leit 
side. The point source is assumed to be infinitely far 
away. The wave impinges upon a slit. This slit is the 
antenna aperture. Following a theory first advanced by 
Huygens, the radiating aperture is thought to comprise 
a large number of elementary sources. All of them will 


radiate equally in all directions. However, the ones 
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that are in the middle of the aperture will be greatly im. 
peded by their neighbors. It is only the ones at the 
edges of the slot at A and B that will be fairly free to 
radiate in all directions. Thus, a beam will be formed. 

Now, we have the possibility of having waves radiate 
out straight, but waves can also travel out at a slant. 
It is easy to see that, if the angle of slant, the distance 
from the slot to the reference plane, and the wave length 
are in appropriate relation, there will be points on the 
reference plane on the right side at which the individual 
waves reinforce each other and other points at which 
destructive interference is observed. 

Therefore, a radiating slot will produce a pattern with 
one peak of intensity and pronounced nulls on each 
side, then a smaller peak, then another null, and an 
even smaller peak, ete. The curves are familiar to 
students of optics. 

We get a main lobe of energy and side lobes. Side 
lobes in air-borne-antenna application are usually dis 
turbing. In a radar antenna with strong side lobes, for 
instance, one might pick up a target in one of those sid 
lobes and think it is straight ahead when the radar an 
tenna points straight ahead; yet, the target in the side 
lobe may be 50° off. This might cause navigational 
action that is unjustified. One might fly right into the 
target he wishes to avoid. Therefore, side lobes are bad 
in most antennas. There are methods to reduce side 
lobes. 

Let us assume that we have a paraboloid reflecting 
antenna that is supplied from a small horn, as is the case 
in many radars. The horn feed illuminates the parabo- 
loid dish just as an incandescent filament illuminates 
the mirror of a searchlight. In Fig. 4 will be seen in the 
first column the taper of the illumination at the edge ol 
the dish. The illumination at the edge of the reflector 
is reduced or tapered. We project most of the energy to 
the center of the antenna reflector and less and less to 
the outside portions. If the illumination is, for instance, 
10 db. down at the edge, then the side lobes will be 22 
db. below the peak of radiation, while with constant 
illumination the side lobes are only 13 db. down. If we 
would taper our illumination to 20 db. down or t 
1/100 of the power at the center of the reflector, we would 
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get side lobes 40 db. down or 1/10,000 of the energy of 
that in the main lobe. 

Tapering the illumination also disturbs antenna gain 
and beam width. We find that if we taper the illumina- 
tion—that is, if we supply less and less energy to the 
outer edges of our lens or reflector or to the outer ele- 
ments of our antenna array—we might almost have 
ciminated these parts. 

Inefficient use is thus made of the antenna aperture. 
lherefore, we find that for a certain antenna gain we 
have to build the antenna larger and larger to obtain 
lower side lobes. Thus, it may be said that one can get 
acertain antenna gain, a certain side-lobe level, and a 
certain beam width; that all of those are tied together 
bynatural laws; and that these cannot easily be altered 
by decree, although people sometimes attempt to do 
just that. 
understand, to legislate + to a round number. 


However, in years past it was difficult, I 


Some of the more frequently used antenna types are 
dipoles, slot radiators, horns, reflectors, refractors or 
lenses, just straight drag wires, or wires hanging on the 
outside of the plane. There are also arrays of radiating 
ements, elements of which can be almost any of the 
types I have mentioned. The antenna designer, there- 
lore, has many degrees of freedom, and he needs con- 
‘iderable judgment, ingenuity, and imagination to cope 
with his problems. 

So far, we have examined antennas in general. Let us 
now discuss antennas near conducting structures. 
When mounting an antenna on some metallic structure, 
one finds that, although the antenna by itself (measured 
under good laboratory conditions) has a fine radiation 
Fig. 5 
shows a radiation pattern. It is a polar diagram. The 


pattern, it may show inferior performance. 
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radius vector from the center out in any direction may 
indicate either the voltage or the power radiated in that 
direction. Antenna patterns have many different 
shapes. The pattern shown in this figure has a strong 
lobe forward, some rather pronounced side lobes, and 
noticeable back radiation. We often refer to the an- 
tenna beam width as the half-power beam width. The 
half-power beam width indicates how many degrees lie 
between directions in which the antenna radiates one- 
half of the maximum power. Sometimes we refer to the 
| /10-power beam width. The half-power beam width is 
applied most frequently. 

Discussing antennas near conducting structures, we 
find that the conducting structures strongly influence 
performance and become part of the antenna. If you 
have a beautiful horn antenna mounted on a metallic 
airplane structure, you will find with dismay that much 
of the airplane gets in on the act and starts radiating. 
If you are in a position to measure the radiation pattern 
of airplane plus antenna, you are to expect disappoint- 
ments. In addition to taking part in radiating, the air- 
craft will be shadowing the antenna. In case one wishes 
to mount an antenna (a stub, for instance) on the top of 
an aircraft because there is some room available and be- 
cause nobody objects particularly, he will discover that 
fairly little of the power may go below the aircraft. 

It is helpful to think of a light source mounted in 
place of the antenna. If the light source were shaded, 
maybe the antenna will be shaded too. Currents can 
certainly be induced in the metallic structure of the air- 
craft, not only in the antenna. 

When people have selected aircraft and antenna per- 
formance specifications, 
finished design from the antenna engineer in a short 
time. They are likely to be disappointed because it is a 
difficult job to match antenna and aircraft. 

Antennas are used on a wide variety of aircraft. Air- 
craft may be piloted or pilotless and may be fast aircraft 
or slow, and the antenna problems vary accordingly. 


they frequently expect a 


As aircraft get speedier, it becomes more difficult to ob- 
tain permission to have anything protrude in the air 
stream. 


Fic. 5. A radiation pattern. 


Aerodynamicists have a hard time as it is to 
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keep the airflow smooth around the aircraft; if we inject 
spikes, wires, bottles, or other such things in the ait 
stream, we find that we lose much speed or that we hav« 
to install larger engines. Therefore, there is a premium 
flush 
These flush-mounted antennas get us int 


on low-drag or zero-drag antennas that are 
mounted. 
difficulty, and I should like to give you an imaginary 
example of how we would proceed in the design of 
very-high-speed aircraft antenna. 

Let me first explain how we should not do it. Som 
body has designed an airplane. They wish the airplan 
to be fast and light, to have a long range, to be heavil) 
armed 1f it is military, or to carry many passengers if it 
is commercial. All those parameters are familiar to 
those in charge of the project. In any aircraft com 
pany, the men in charge of the project know about aero 
dynamics, structures, and propulsion. They even know 
about the generators and transformers or storag¢ 
batteries, and they may have a fair idea of communica 
tion equipment that must be accommodated. Odds are 
There 
fore, they will go ahead and develop a preliminary d¢ 
sign to a fairly complete stage, until the thinking has, so 
to speak, frozen over. 


that they have little experience with antennas. 


They have a plane in mind 
Then suddenly they remember that there are a lot o! 
antennas to be used. The company I work for now 
has designed for the Air Force a speedy experimental 
bomber, and it carries a number of antennas. However, 
in this case, the process I am just outlining was fortu 
nately not followed. Therefore, we haveat least tolerabl 
antenna installations; few are even better than tolerable, 
for good reasons. Well, in our imaginary poor way o! 
proceeding, the project engineer, well along toward 
having his plane on the boards and already beginning to 
tool up for manufacture comes to the antenna man and 
says: “Here is the plane. You know what radio equip 
Will you please put in the antennas? 


We approach the problem; we look at the frequencies: 


ment we need. 


we are told what coverage of radiation we need for 


beacons, for communication receivers, for radio com 
passes, for search radars, for homing equipment, for 
DAME equipment. I could mention many more. Then 
“Well, an antenna to fill this one should stick 
straight out of the tail surface 2 ft.; this other antenna 
necessitates a bubble at the belly of the plane right in 
the deepest point. 


we Say: 


It should have a 3-ft. diameter, and 
a radome or covering should be 2 ft. out of the belly oi 
the airplane.” Therefore, we proceed happily and we 
meet difficulties. We are told that our antennas may 
not stick into the air stream—period. The plane was 
not designed for additional drag, and, mind you, I am 
not trying to be funny. That is a reasonable statement. 
The additional drag does cause difficulty! 

Therefore, we propose to build flush-mounted an 
tennas—some in the wings, some in the fuselage—and 
we also propose to cut into the leading edges of the 
wings and to make recess-type antennas to be covered 
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with fiberglas covers; or we propose to cut into the 
bottom of the fuselage and do the same thing. Some of 
our recess-type antennas may measure 3 ft. across, de. 
pending on the frequency used. The structural engi- 
neers tell us that they had counted distinctly on using 
the skin of the airplane to carry stresses and that we 
may not cut any holes larger than about | sq.in. How. 
ever, it may be only ' sin. wide, the rest to be made up by 
length. Also, they tell us that below the skin there are 
structures. There is just barely room to get those strue- 
tures in, and all over the place there are controls, gas 
tanks, ete. In other words, the wing is full. The 
fuselage is full. There is landing gear, there is fuel, and 
their is either armament or passengers and luggage. 
While all this may be amusing, it is an extremely pain- 
ful situation to contend with. I should therefore like to 
propose another method that we have been able to put 
into successful operation at Martin. The method jis 
to have a conference while the aircraft designer still has 
a wild gleam in his eye. The conference is not only with 
propulsion, aerodynamics, stress, weight, and armament 
Not that elec- 
tronics people wish to push themselves forward. They 
would just like to build a tolerable antenna. In 
modern high-speed aircraft, I doubt whether we could 


ever build a really good antenna, but one that is toler 


people but also with electronics people. 


able might be possibly arrived at. 


Let us consider some other limitations on our anten- 
nas. There is temperature and erosion by outside fac- 
tors. In normal propeller or jet-driven aircraft below 
the velocity of sound, there is usually a fairly cold en 
vironment once we get high up. It may be hot and 
moist near the surface, but that isn’t too bad for some 


modern structural materials. 

However, as soon as we begin to go past the barrier of 
and it isn't really visionary to talk about that 
any more 


sound 
we find that the shock wave and air friction 
produce high temperatures. We also have an exceed- 
ingly difficult problem of streamlining our antenna 
covers and of making them out of materials that will 
still retain some amount of strength at the temperatures 
encountered. Airplane designers have found rain and 
hail and snow erosion to be very bad, and, of course, the 
antenna designer suffers with them, particularly the 
man who trys to design the radome that covers the an- 
tenna in such a way that the radio waves go in and out 
but the atmosphere does not. 


In summary, air-borne antenna design is a composite 
or hybrid science that combines the problems of the air- 
craft, the atmosphere, and the radio engineer. | 
should like to propose that all people connected with 
aircraft design and operation admit the antenna de- 
signer to their councils as early in the problem as 
possible. In that way we may be able to produce 
tolerable antennas, and I do not think we can ever 
hope to do much more than that. 
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It has only been a few years since we thought of aircratt 
itenna as a wire stretched between the wings and the tail of an 
irplane. Today, antenna has assumed shapes and _ sizes as 
varied as the electronic equipment with which it serves. 

The advent of air-borne radar, with its attending scanning 
echanisms, reflectors, and lenses, has done anything but lessen 
he headaches of the aircraft designer. By the same token, the 
evelopment of radar and the ability to carry it into the ait 
ve advanced the progress of aviation immeasurably 

Here is a typical case where the electronics engineer and the 
irplane designer must closely coordinate their efforts 


(Continued on page 42 


The prolific number and varied types of antenna incorporated in the 
nodern airplane are illustrated by the U.S.A.F. C-54 above. Some 
idea of the aircraft designer's problems may be visualized by a glance 
at the air-borne radar equipment at right and below. 


Photos Courtesy Air Materiel Command and Brooks & Perkins, Inc 
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PROBLEMS PECULIAR TO AIRCRAFT OPERATION 
they relate to power supply, equipment design, 
and antenna installation have been covered by the previ 


ous papers in this issue. The problem of finding radio 


frequencies on which this equipment may operate is 


faced not only by those interested in aircraft operation 
but also by every potential user of radio. this 


reason, the following discussion of that problem is not 


limited to aviation aspects but rather covers the broad 
field of the problems in frequency allotment. 

When Heinrich Hertz first demonstrated the validity 
of Maxwell's prediction of radio waves, he had no 
thought in his mind of frequency allocation problem 
nor did Marconi when he succeeded in spanning the 
Atlantic. These men were primarily interested in 
generating radio waves and making them work. Hay 
ing succeeded in their efforts, the problem of frequency 
allocation arose. In these early days, it was simpl 
Che question was merely what wave length to choose 


distress channel for ships. The situation certainly is 
different now, but the basic pattern remains the same 
Portions of the radio spectrum may lie fallow for years 
until someone finds a practicable means for generating 
frequencies of the required wave length and applying 
them to a useful purpose. Immediately thereafter 
comes the problem of the allocation of this portion ot! 
the frequencies among users. 

The first successful attack on the allocation problem 
came in 1927. Prior to World War I, the point-to-point 
service, the ships, and the amateurs were the only ones 
making extensive use of radio. The spark, the arc, and 
the low-frequency alternator were the usual generators 
of radio-frequency energy. The vacuum tube had be 
come a reality but had not been given general applica 
tion. The amateurs had demonstrated the usefulness 
of the high frequencies for long-distance communication 
The general speed-up of activities incident to war had 
given rise to large demands for communications, which 
Presented at the Session on Electronics in Aviation —1, Nin 
teenth Annual Meeting, I.A.S., New York, January 29-February 
1, 1951. 


* Chief, Safety and Special Radio Services Bureau. 


in turn reacted to speed up radio research. 


Many dle 
vices and services had emerged from the laboratory and 


had been put to service in the few years of the war. It 
is hard to tell what particular item was of greatest 
unportance; however, the development of the vacuum 
tube, making possible the broadcast industry and the 
selective vacuum-tube 


design of receivers, Was un 


doubtedly among the most important. The new tools 
were adopted by the industries of all the countries of 


the world, and radio communication services grew by 


leaps and bounds. The increased number of simul 
taneous uncoordinated transmissions resulted in world 
wide interference. The United States invited all 


nations to an international conference in 1927 to finda 
means to remedy the situation. International alloca 
tion of frequencies among users seemed to be the answer, 
and that portion of the radio spectrum was allocated 
which covered the frequencies for which apparatus was 
generally available. Possibly one of the major contri 
butions to the growth of radio made by this conference 
was the establishment of a plan whereby frequencies 
were allotted to services. This was done in spite of the 
opinion of some nations that frequencies should bi 
allotted on the basis of nationalities. 

The allotment table, prepared 
Washington, was modified in 1932 and in Cairo in 1938 


international 


Between each of these meetings, there was a develop 
ment of new apparatus that made possible the useful 
application of higher frequencies, which in turn pro 
duced a new group of potential users. 
the pattern 


Again we saW 
the development of equipment for new 
frequencies, the application of the new frequencies to 
new uses, and the problem of their allocation to assure 
equitable distribution of the frequency spectrum among 
all potential users. 

The Cairo allotments were scheduled to be reviewed 
in Rome in 1942. World War II intervened, and, as im 
every war, the radio experts of both sides were pre 
occupied in making the most useful application of the 
radio spectrum to the military effort. 

World War II, as in the case of World War I, gave @ 
tremendous impetus to research and development. 
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Means were provided to make useful application of all 
frequencies up lo 10,000 me., and the way was paved 
toward the possible application of still higher frequen- 
cies. Noteworthy among the achievements was the 
development of a host of applications for pulse 
techniques to communication problems. Included in 
these were Radar and Loran. 

After World War II, the nations of the world found 
themselves in much the same position as after World 
War I. All were operating new services for which no 
irequencies had been allocated, and the older recognized 
services Were receiving interference. The United 
States again took the lead and in 1947 called a confer- 
ence at Atlantic City to reconsider the existing Tele- 
communication Treaties, especially the Cairo Alloca- 
tion Table. The table produced at that meeting has 
not, as yet, been wholly placed into effect. 

At Atlantic City, it was found impractical to start a 
new list on the basis of the revision of the Cairo tables. 
\s previously stated, a large number of services had 
come into being since the Cairo meeting, all demanding 
irequencies. Other services had expanded many fold; 
among these was aviation. The Cairo allocation pro- 
vided only a small number of specific channels for 
exclusive aviation use, in bands of frequencies, 6 me. or 
higher. These channels were suitable for low-speed 
continuous-wave telegraph transmission only and were 
only authorized for use over certain specific routes, such 
is Europe- North America over the Atlantic, Europe 
North America over the Arctic, Europe-Africa, ete. 
ltis needless to recount the growth of aviation during 
the war; not only is the number of frequencies provided 
by the Cairo tables inadequate but, in addition, the 
route pattern forecast is inappropriate and hand speed 
CW is woefully inadequate to move communications at 
arate and in volume commensurate with the speed and 
density of modern aircraft operation. 

It was found necessary at Atlantic City to recognize 
the facts not only as applied to aviation but also as 
applied to other services. In spite of the increase in 
ability to use new frequencies, the new services requir- 
ing long-range frequencies could only be recognized by 
withdrawing frequencies from other services, primarily 
irom the band 2,000 to 30,000 ke. <As a result of the 
negotiation, the fixed service lost a significant amount 
of the space previously allotted to it in this band. The 
aviation and broadcast services were the major bene- 
ficiaries. 

It became evident at Atlantic City that it would not 
be possible to develop a detailed plan for the imple- 
mentation of this new list, and the task was entrusted to 
an Organization which the conference established and 
called the Provisional Frequency Board. In general 
terms, the task of this Board was to write a new ‘‘engi- 
heered”’ frequency list. In this new list the stations of 
the world were to be provided with that complement of 
lrequencies which would be necessary for them to render 
the service for which they were established, all chosen in 
accordance with the table of allocation. The P.F.B. 
Was unable to complete its task. Again the old pat- 


tern had emerged. The development of the new means 
for generating radio frequencies had developed new 
uses for radio and, in this case, apparently in numbers 
beyond the capability of the spectrum. Although the 
P.F.B. was able to engineer a list in some bands, in 
others it was confronted with requests for assignments 
running into hundreds of per cent of the number of 
channels available under standards of allotment which 
were applied to ensure substantially interference-free 
channels to all. 

Under the Atlantic City arrangement, it was pro- 
vided that the various services (such as aviation, broad- 
cast, Or marine) might be called upon to assist the 
P.F.B. in working out utilization plans for the fre- 
quencies assigned exclusively to them. Of all the 
services that held meetings, the aviation service was the 
only one that succeeded in preparing an assignment 
plan. This plan leaves much to be desired, but it is the 
opinion of the delegates to the Conference that it is the 
most equitable distribution that could possibly be made 
of the portion of the frequency spectrum given to the 
aviation service by the Atlantic City table. 

Under the Atlantic City plan, the work of the P.F.B. 
and of the service meetings was to be approved by a 
Special Conference to meet about 6 months a*ter the 
P.F.B. finished the engineered list. When it became 
obvious that this list would not be produced, an “‘Extra- 
ordinary Administrative Radio Conference’ was called 
and was scheduled to meet in September last year. 
This Extraordinary Conference was supposed to com- 
plete the work of the P.F.B., writing rules as necessary 
so as to fit the requirements into the space available. 
Because of the present world situation, the Conference 
was postponed and is now scheduled to meet next 
August in Geneva. In the meantime, all the nations 
are exploring ways and means of getting 10 gal. of 
stated requirements into a 6-gal. jar. 

So much for the problems involving those frequencies 
that we must consider from a world-wide point of view. 
Similar difficulties exist on those frequencies whose 
characteristics are local in nature. The development of 
techniques making practical the use of frequencies 
above 30,000 ke. have brought with them new uses for 
radio and, as a consequence, allotment problems. 

The local character of these frequencies has permitted 
a new point of view to be adopted in considering their 
allotment. The use of frequencies capable of long-range 
interference restricted the total possible number of 
users to such an extent that many desirable uses could 
not be authorized. It was a generally accepted thesis 
that the use of radio should not be authorized when the 
purpose for which communications was desired could 
be met by wire. Further, the long-range frequencies 
were, and still are, only allotted for purposes directly 
connected with safety or which contribute, to a major 
degree, to the national welfare. With the possibility of 
using frequencies whose effects could be limited to the 
local area, it has become practicable to modify these 
premises to a large degree and thus satisfy many de- 
mands. For example, the microwave transmission sys- 
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tems now used by Western Union, A. T. & T., the rail 
roads, and others are direct substitutions for services 
previously performed by wire. It was also possible to 
satisfy many industrial communication requirements 
by the use of radio, such as those involved in crop dust 
ing with aircraft, in the management of large ranches, 
etc. Frequencies could be found in sufficiently large 
number to permit the widespread application of radio 
to the administration of the transportation systems of 
the country, such as the railroads, the busses, the trucks, 
and the taxicabs. 

In addition to the possibility of localizing transmis 
sions, these new frequencies also provide for wide-band 
systems of communication; thus television became a 
practical service. Multiplex systems providing large 
numbers of channels on a single frequency became pos 
sible—for example, pulse-time modulation communica 
tions systems. 

The widening of the usable portion of the spectrum 
has not relieved the pressure on those responsible for 
allotment planning but rather has increased their head 
aches. 

Even with the broader point of view just mentioned, 
there are many cases wherein the use of radio would be 
desirable from the point of view of the applicant for 
frequencies, but the number of equally qualified appli 
cants, and their prospective communications, far ex 
ceeds the ability of the spectrum to satisfy their needs 
Thus, the allocating authority must restrict the condi 
tions under which the use of frequencies is authorized 
until the number of authorized users will fit into the 
space available. 

Among the headaches is that which arose from the 
fact that some equipment was designed and produced 
without regard to the frequencies upon which it would 
operate. One of the most difficult problems of this 
nature involved certain industrial heating, in the design 
of which consideration was apparently not given to the 
fact that radetions from the equipment could not be 
confined and that such radiations interfere, or may intet 
fere, with users of the radio frequency spectrum not 
concerned with industrial heating. As a result of this 
situation, there were months of negotiation leading to 
the establishment of the so-called “ISM” bands used 
for industrial, scientific, and medical purposes. After 
the bands were chosen, there were months of design and 
reconstruction in order to put equipment already manu 
factured into the appropriate portions of the spectrum 
In another case, some military equipment was red¢ 
signed, ignoring the fact that the frequencies for which 
it was originally manufactured had been released from 
the wartime utilization and were occupied by other ser\ 
ices. There was great consternation when the reds 
signers were ready to put the equipment on the market 
and found that there were no frequencies on which it 
could be operated. These cases are particularly unfor 
tunate, since a simple inquiry at the Federal Com 
munications Commission would have disclosed the facts 
of allocation and the necessary frequency adjustments 
could have been made during design and manufacture. 
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History would indicate that the users of radio anq 
those who manufacture equipment to satisfy user de. 
mands must continually increase the efficiency of the 
use of the spectrum so that the needs of our growing 
economy can be met with the available frequencies, 

In the use of frequencies, a great deal can be done ty 
reduce the time on the air required for the transmission 
of intelligence and to reduce the number of communica. 
tions required to pass an idea. As a beautiful example 
of wasted time, an aeronautical station operator sent 
this message to an aircraft. ‘‘Will you please repeat 
You were blocked out by another 
airplane and I did not get what you said.” The use of 
the simple phrase ‘“‘say again’’ would have been ade- 
quate. Similar redundant statements can be heard jn 
every service. 


your last message? 


Those in the aviation service will remember the time 
when it was felt necessary to keep each airplane pilot 
advised of the position and direction of flight of all air- 
craft ahead of him, behind him, above him, and below 
him so that each of them could determine the safest 
course and altitude to fly 

It is easy to see that, with an increasing number of 
aircraft in the air, the number of messages required will 
increase by geometric proportion, since the plan of any 
individual pilot might change the plans of six others 
and their decision would, in turn, react on each other, 
and so on. The tendency now is to analyze all such 
information on the ground and to develop a coordinated 
flight pattern and advise the pilot as to what course it is 
safe to pursue. 

In most communications systems, those responsible 
for supervision can materially increase the capacity of 
their circuits without reduction in the intelligence trans- 
mitted or without use of means for higher speed trans- 
mission if they will analyze their operating problems as 
they relate to communications with this point in mind. 

Another prolific source of increased utility of the 
present spectrum is the adoption of higher speed means 
of communications. The printer will handle a great 
deal more communication than manual telegraphy with 
very little increase in band width. Facsimile and voice 
communications have applications wherein the amount 
of intelligence transmitted per kilocvcle band width 
occupied will exceed any other means. In designing a 
communication system, care must be taken in selecting 
the method of transmission most suited to the task to be 
performed. 

Much is being done in adopting devices that provide 
for multiple use of the frequency. In the microwave 
systems that I have mentioned, extensive use is made of 
multiplexing. For example, a system may provide the 
linkage whereby it is possible for the dispatcher to talk 
to maintenance crews anywhere along the system. 
Provision can be made for intercommunications at will 
between many points and between many points and a 
central office. There may be channels for direct com- 
munications between the ends of the system. Provision 
may be made for telemetering service where readings 
can be taken of instruments at dozens of points and all 
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FREQUENCY ALLOCATION 
recorded at central headquarters. In fact, there may 
be provided along a single microwave system hundreds 
of communication channels employing several different 
methods of modulation. 

Another simple form of multiple use of frequencies is 
the practice of providing simultaneous voice and printer 
communications on a single radio frequency without 
appreciable increase in band width or serious degrada- 
tion of quality of the voice transmission. Possibly one 
of the most ambitious programs of this kind is involved 
in the “all-weather system of traffic control and naviga- 
tion” proposed by the Radio Technical Commission for 
One small 
phase of that program is the plan for the use of the band 


Aeronautics and now being implemented. 


430 to 1,215 me., which is allotted primarily for dis- 
tance-ineasuring systems. In order to accomplish all 
the various and sundry types of communications that 
are involved in moving aircraft in large numbers from 
point to point regardless of weather or route pattern, 
multiple use of equipment is being given fullest con- 
sideration. In this particular band, not only is provi- 
sion made for the interrogation and reply involved in 
the distance measuring but also provision is planned for 
situation display, air-ground voice communications, air- 
port surface navigation, azimuth and speed reporting, 
and approach and landing control. If the devices 


FOR 
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necessary to perform these functions were given sepa- 
rate frequencies, there would be no possibility of finding 
spectrum space. However, by the use of such measures 
as pulse-coding and pulse-multiplexing, as well as re- 
quiring the use of transmitting equipment having a high 
degree of stability and receivers of the maximum selec- 
tivity, the operational requirements may be met within 
the space available. 

I will not attempt to give other examples of means 
that are constantly coming from the laboratories, or of 
the constant study of the use of radio and its applica- 
tion to specific problems, all with the end in view of 
increasing the effectiveness in the use of the radio spec- 
trum. 


The task is endless: As our desires grow, the 


demand for communication grows. We have explored 
the spectrum from the extremely low to the super high, 
and, unless we can find some means to use negative 
frequencies as we use negative numbers, we will be faced 
with the necessity for continually increasing the services 
to be performed in the spectrum without increase in the 


space available. This may sound like asking the 
impossible. It is a challenge to the ingenuity of the 


scientist, the engineer, and the practical operator. We 
are now accomplishing the difficult. Since finding the 
answer to future expansion is impossible, it will only 
take a little longer. 


Air Traffic Control 


(Continued from page 21 


of Airport Surface Detection Equipment. The use of 


radar is likely in this connection. 
“With regard to program implementation, current 
procurement programs will provide many of our more 


active air-traffic areas with Airport Surveillance 


Radar, Precision Approach Radar, Instrument Landing 
Systems, Automatic Direction Finders—both V.H.F. 
and U.H.F., and Air Traffic Control Interlock Systems. 

“Navigation-wise, these include 


programs may 


omniranges, Distance Measuring Equipment, and 


various beacons and markers. 
“As soon as available, in addition to these equip- 


ments, the system should employ the Radar Safety 
Beacon, Air Traffic Control Signalling System, Data 
Transfer and Display Equipment, Air Traffic Control 
Plotting Displays, Long-Range Radar, Remoted Scopes, 
Airport Surface Detection Equipment, and a Traffic 
Delay Predicter. 

“In conclusion, the program and plan of the Opera- 
tional Policy Group is presently being carefully studied 
by a mobilization planning survey group of the National 
Security Resources Board in order that implementation 
may be expedited as is consistent with mobilization and 
national defense requirements.” 


Packaging of Air-Borne Electronic Equipment 


(Continued from page 30) 


To conclude, those who are involved in the design 
and evaluation of new techniques of packaging should 
bear in mind that only actual trial by manufacture and 
use will finally decide the desirability of the various 
techniques proposed. This does not mean, however, 
that every means at our disposal should not be used to 
anticipate fundamental objections to new techniques 


before the actual trials are made. Because of this it is 
important to avoid the easy way of omitting accessi- 
bility from subminiature designs. It seems clear that 
the experience of the past makes the success of any such 
design highly improbable either for the manufacturer or 


the user. 
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ELECTRONICS FOR AIRCRAFT 


(Concluded) 


NAVIGATIONAL EQUIPMENT 


Radio, with all of its ramifications, has unquestionably been the 
greatest single contribution electronics has made to aviation 
rom the time the first two-way radio between an airplane and 
the ground was successfully tested by Lieutenant Mauborgne 
and H. A. Dargue in 1914, the progress of both military and 
commercial aviation has paralleled the technical adv uncements 
made in electronic communication and navigational equipment 

Who prodded whom into each technical improvement over the 
intervening years is of no significance now. The aircraft engi 
neer’s demands for, and contributions to, new electronic products 
perhaps has balanced the voluntary improvements proffered 
by the electronics industry 

What does matter is this! 

Today’s airplane is controlled by, built around, and dependent 
upon electronics. There are unlimited possibilities for the 


further development of present and new products in this field 


The continued close cooperation between engineers and manu 
facturers of electronic equipment and of aircraft must inevitably 
result in advantages to both. The peace of tomorrow’s world 
may also depend upon it 


A nonmagnetic fabric shelter, known as a 

“Radome,” has been developed to pro- 

tect radar equipment atop the tower from 

the weather. The fabric dome, supported 

by dehydrated pressurized air, does not 

interfere with operation of radar scanning 
mechanisms. 


Continued research is bringing about constant improve- 
ment and simplification of the pilot's navigational 
problems. A typical example of this is the Sperry 
Zero Reader shown below. 
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CRASH LOCATOR BEACON 


lo 


AU BEACON TRANSMITS 
STATION RE- 
CEIVES W RECORDS HF SIGNAL AND 


COORDINATION CENTER RE- 
GRIVES RETRANSMITTED SIGNAL 
AND EVALUATES IT. 
TRANSMITS FIX OR BEARING TO 
ESCUE FLIGHT. 


RESCUE FLIGHT DISPATCHES 
AIR RESCUE AIRCRAFT” HOMES, WHEN 
IN AREA, ON VHF SIGNAL TRANS: 
MITTED BY AUTOMATIC BEACON. 
x 


CH ART RECORDERS 


<—PHOTO OBSERVER 


Evaluation of WOR-DME_ in- 
stallations by Aijirborne Instru- 
ments Laboratory, Inc., required 
a flying laboratory containing the 
complex array of electronic and 
photographic recording equip- 
ment, communications links, and 
navigational equipment shown on 
the right. 
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Electronics plays a major role in 
rescue efforts in event of an air- 
plane crash or a forced landing. 
Pictured here is an artist's con- 
ception of the principal opera- 
tional phases connected with the 
use of the Crash Locator Beacon 
developed by the U.S.A.F. 


POWER SUPPLY PANEL 


—VOR INSTALLATION 


Symbolic of the role of electronics 
in aviation is this MacArthur Field 
view of a KLM Constellation, a 
U.S.A.F. TF-80 jet, and a corpo- 
rate DC-3 in the shadow of a 
microwave omni-radio-range and 
distance-measuring equipment an- 
tenna. This OBD system, de- 
veloped by Sperry Gyroscope 
Company, is currently being 
evaluated by the All-Weather 
Flying Division for the Aijr 
Navigational Development Board. 
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All-Weather Flying 


by 


Captain R. C. Relson’ 


Impressions of the All-Weather Flying Symposium, 
Electronics—2 Session, |.A.S. Nineteenth Annual Meeting 


NINETEENTH ANNUAL MEETING was in part 
devoted to a symposium on “All-Weather Flying 
Colonel J. Francis Taylor, U.S.A.F., Chief, All-Weather 
Flying Division, presided over this session and was as 
sisted by a group of men recognized as being tops in this 
field. 

Karly in the meeting it was stated that the pilot 
point of view has been too often overlooked. “The put 
pose of this symposium was to bring this point of view 
to the attention of L.A.S. members with a request for 
help on certain matters. The main topics that cam 
up for discussion were electronic and visual landing 
aids, radar, and, of course, weather. 

Although it has been talked about for many years, all 
weather flight is still far from being a common practice 
Yet the need to operate under all conditions is already 
present in military and commercial aviation. 

The symposium was opened with a spectacular film 
on approach lights and runway markings, a project of 
the Air Transport Association and the Air Line Pilots 
Association. It was composed of pictures taken by the 
Landing Aids Experiment Station, Areata, Calif., and 
the Sperry Gyroscope Company. Over 50 scenes wert 
included of actual approaches in bad weather. Some ot! 
the flying was done with visibilities as low as 150 ft 
and ceiling zero. 


important features of the picture. 


A running commentary by Capt 
Gill, Air Transport Association, brought out 


The problems connected with landing after a low 
approach are diflicult, if not impossible, to comprehend 
unless one is present during the actual procedure. ‘The 
A.T.A.-A.L.P.A. film comes closest to bringing non 
fliers into the cockpit. Indeed, some scenes are so 
impressive that audiences occasionally help to fly the 
plane by use of “‘body English” and exclamations. 

In the past decade a vast amount of work has gone 
into the design of approach lights. They have been 
rightly termed the “missing link’’ needed to connect the 
runway with that point in space where the guidance o! 


* Captain, American Airlines System. 


Captain R. C. Robson 


electronic devices ends. Three basic configurations 


a single row of lights extending from the left 
edge of the runway; 


exist: 
a single row from the runway 


that toward. the 
center of the runway (the so-called “slope-line’’ lights) 


centerline; and two rows converge 

Pilots list several important factors that must be 
considered in the design of any lighting system. 

(1) Identification Approach lights must be easily 
identifiable from the highest possible altitude in bad 
weather. 

(2) Alignment The lights must define the runway 
centerline in the simplest configuration requiring no 
mental interpretation. 

(3) Distance Remaining Indication —There must be 
a visual indicator in the approach zone to warn of 
imminence of runway threshold. This distance gage 
must be far enough from the end of the runway to 
allow the pilot time to prepare for landing and must be 
visible under the poorest conditions. 

(4) Threshold Identification There should be posi- 
tive and distinctive runway threshold lighting, includ 
ing imminence of threshold —i.e., a clear overrun area, 
lighted properly, just before reaching the threshold and 
then different lighting on the runway immediately after 
the threshold. 

(9) Glare Lights on the approach, 
threshold, or runway must not blind the pilot. 

(6) Contrast 
at the threshold —red for the overrun area and green to 
mark the beginning of the runway. In addition, bold 


painted markings must be provided on the runway sut- 


elimination 


There should be lights in two colors 


face to distinguish sod from pavement. 
(7) Runway Lighting—-The runway must be evenly 
no “hot’’ spots or blanks—and the lights must 


be visible when off to one side or high on the appr yach, 


lighted 


Many airports are located in heavily populated areas, 
and city lights, (such as well lighted streets) can 
occasionally be mistaken for approach or runway 
lights. Approach lights (multiple-row configuration) 
have also been mistaken for runway lights in the past 
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and with appropriate results. The surest method of 
preventing this confusion appears to be the use of con 
denser discharge lights in combination with a single row 
of fixed burning units. The condenser lights serve as a 
“egme-on'’ to the pilot. They are powerful enough to 
penetrate several hundred feet of fog, and the high-speed 
flash is too rapid to affect the eye. These features make 
them ideal for use with the regular sealed-beam lights. 

Airports equipped with left side approach lights 
occasionally have runway lights knocked down on the 
right side of the runway. Until recently, there was no 
explanation for this; nor was its significance under- 
The answer, an optical illusion produced by 
On 


approaches made when there was no visibility beyond 


stood. 
the left side lights, was clearly evident in the film. 


the approach lights, the plane, although perfectly 
aligned in an automatic approach, appeared to be on a 
Normal 


The smashed runway 


collision course with the lights. tendency 
would be to make a right turn. 
lights were proof that pilots have a normal tendency. 
It is apparent, therefore, that left side approach lights 
do not provide alignment under all conditions. The use 
of centerline lights eliminated any consideration of 
angular measurement, since the plane flies directly 
over them and alignment with the runway is assured. 
On many approaches, it was impossible to anticipate 
the beginning of the runway, the exact dilemma of the 
pilot who must prepare for landing. One centerline 
system attempted to correct this by using several long 
crossbars evenly spaced along the approach path. It 
was evident in the film, however, that one could not tell 
which bar was in view, and, consequently, there was no 
information as to distance remaining to the runway. 
Only on the configuration using a single crossbar was 
there definite proof of the location of the airplane with 


respect to the threshold. This single bar, located 1,000 
ft. from the end of the runway gave the pilot a visual 
indicator by which he could determine the propriety of 
The 


term “go, no-go gage’’ aptly describes this necessary 


continuing the landing operation or pulling out 


feature. 

The need for adequate threshold identification was 
the 
One had the distinct 
feeling of “Oops, we missed the runway.’ 


shown in several pictures when, without warning, 
approach lights simply ended. 
This is pre- 
cisely the position of the pilot. 

The glare factor was apparent in approaches to 
By a bit 
of clever photography the Sperry cameramen were able 


Idlewild using unfiltered ‘‘slope-line”’ lights. 


to show simultaneously the pilot's eyes and cockpit 
instruments, as well as a view ahead of the plane. At 
night, the lights were dazzling, and the pilot kept 
squinting and ducking his head back into the cockpit to 
prevent blinding. Use of red filters eliminated the 
glare, but the resultant decrease in intensity scored the 
need for condenser discharge units. 


A “before and after’ sequence of landings pointed up 
the need for runway markings. On approaches to an 
unpainted runway, during the low-contrast conditions 
of daylight fog, it was impossible to distinguish pave- 
iment from sod early enough to align the plane and land. 
The only clues to the runway were the magnetic 
numerals at the threshold and tire marks on the asphalt. 
When the same runway was provided with bold painted 
markings at the threshold, centerline, and border, it 
stood out plainly. Such markings not only proved the 
runway but allowed the pilot to align the plane with 
the runway and maintain this alignment throughout the 
landing roll. 


ALL-WEATHER FLYING SYMPOSIUM PANEL: Electronics experts participating on this Panel included Chair 


man, Col. J. Francis Taylor, Jr.. U.S.A.F., Chief, 
Ernest A. Cuttrell, Air Line Pilots Association; B.A 
lir Transport Association; Comdr. Robert E. Laub, 


Voore, Crvil Aeronautics Administration; S. P 


Saint, 
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All-Weather Flying Division, Wright Patterson Air Force Base; 
De ke 
S 


John F. Gill, 
American Airlines System; B. R 


Vavy; D 


Vavigation Development Board, 
S. Little, 


Working Group No. 5, Air Coordinating Committee 
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Night approaches at LaGuardia showed the confusion 
produced by low-powered, ragged-looking, directional 
runway lights. The lights went by as sporadic flashes 
and provided no information whatsoever. The wide- 
angle lights of uniform intensity used at Idlewild out- 
lined the runway clearly and gave good speed and 
guidance information. 

The opinion of air transport people was expressed in 
Captain Saint’s comment that A.T.A. feels the A.L.P.A. 
configuration is by far the best, with its simple straight- 
forward presentation. Air Force and Navy authorities 
agreed with the importance of lights but have not yet 
formed any fixed opinions. Special military considera- 
tions, such as installation at advance bases and carrier 
operations, are limiting factors in the use of approach 
lights and place greater emphasis on runway markings. 

A discourse on approach lights always brings up the 
subject of the relationship between electronic and visual 
landing aids. Accordingly, the question was raised as 
to why landings are made manually instead of auto- 
matically like the approach. Discussion brought out 
the fact that automatic landings have been made, but 
that they can be extremely rough. There is consider- 
able experimentation to develop a flare-out system to 
correct this, but the advantages gained will be paid for 
in the addition of equipment, such as sensitive altim- 
eters. Since ceilings below 100 ft. occur only a small 
percentage of the time, it may be difficult to justify the 
elimination of a paying passenger to add the equipment. 
Automatic landing devices must be made fail-safe or 
pilots will not approach too close to the runway. Both 
Captain Gill and D. S. Little stressed the fact that the 
calculated risk in currently available equipment cannot 
be accepted for air-line operations. Only under labora- 
tory conditions is it possible to operate to 100-ft. and 
'/>-mile visibility. The panel was of the opinion that 
time spent on making present devices more reliable 
rather than in developing new gadgets might be of 
greater benefit. 

The newly devised radar traffic-control system of 
Working Group 5, Air Coordinating Committee, was 
aired in an impromptu talk by S. P. Saint, backed up by 
Comdr. A. W. Wuerker, U.S.C.G., Chairman of the 
Group, and B. A. Denicke and B. R. Moore. The 
know-how for producing a better method of controlling 
traffic in the terminal area was available some time ago, 
but it slumbered until decisions on important funda- 
mentals could be reached among the interested groups. 
Key decision of Special Working Group 5 was to use 
radar as the primary tool for the job, since it would not 
add more black boxes to airplanes. 

The present network of airways can feed planes into a 
terminal area faster than they can be handled by the air- 
port and its approach facilities. In the new system, 
long-range radar will be used for rough spacing of air- 
craft entering the area. The terminal radar will then 
clear ships over existing navigational facilities and place 
them on final approach with proper sequencing. Major 
advantages of radar are that the controller can antici- 
pate the movements of planes and that the planes there- 


fore occupy a smaller space than with present methods. 
This has the all-important effect of shortening the 
landing interval. The traffic pattern will be tailored to 
suit each individual airport, and with present equip- 
ment the system can handle up to 40 aircraft move- 
ments per hour. This must be stepped up to 120 move- 
ments to meet possible air-traffic requirements of the 
future. 


A radar system such as this does not contemplate 
“holding” as it is presently known. By controlling the 
speed and by varying the track of each airplane, the 
controller can produce the required flow onto the run- 
way. In trials at Wright-Patterson Air Force Base, 56 
landings were made with an average interval of 1.7 
min. This included a “‘lost’’ airplane, with improper 
radio frequencies, which was “‘found”’ and landed in 7 
min. without disrupting traffic. The planes in the 
pattern ranged in speed from the F-80 to the C-47. 

The most urgently needed device to ensure the 
operation of this system is the air-borne beacon or 
transponder. Without this radar beacon there cannot 
be 100 per cent control of aircraft, since all radar can be 
knocked out by certain types of weather. A simple, 
dependable beacon that could provide an identification 
code when requested would suffice for the present. 

An interesting problem brought out by Commander 
Laub is that of carrier operations at sea. A primary 
concern of the carrier is the handling of large numbers 
of aircraft all arriving at once with limited fuel supply. 
Any pure radar system would break down under the 
communications load. A maximum interval of 30 sec. 
between landings is required. An operation of this 
type needs both air-borne and shipboard automatic 
computers and automatic posting, as well as many 
other things. 


The usefulness of air-borne radar is still being debated 
among the air lines. §S. P. Saint expressed the opinion, 
held by many other pilots, that air-borne radar will 
some day be as important as the power plant or landing 
gear. Actually, it is needed now on high-speed air- 
planes to navigate around turbulence and dangerous 
weather and also to dodge ice. Air-borne radar is less 
useful for terrain clearance except in unknown or par- 
ticularly rugged territory. For the pilot who flies a 
regular route, it could be used to a limited extent for 
navigation, but it would not replace any other naviga- 
tion facilities; nor is it useful in preventing mid-air 
collisions. As an aid for low approaches, air-borne 
radar is satisfactory to approximately 200 ft. only, 
roughly the limits of present radio facilities. The big- 
gest drawback in the use of this device is the daylight 
viewing problem in the cockpit. 

Ironically, this All-Weather Symposium was held at 
the tail end of a period of bad weather which succeeded 
in grounding many airplanes thoughout the country. 
The culprit was freezing rain. As Colonel Taylor re- 
marked, ground icing, especially from freezing rain, is 
one of two major problems in aviation which need solv- 
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INTRODUCTION 


FUTURE GROWTH of air traflic and even the 


tive utilization of certain types of aireraft are 
pendent upon having an adequate traflic-control systet 
that is capable Ol expansion Such recent develoy 
ments as the turbojet at one end of the speed ranve ai 
the helicopter at the other have produced new require 
ments that must be considered along with the require 
ments of the conventional propeller-driven aireralt 
the solution of the air-trafhle problem. Fuel consumy 
tion of the turbojet aircraft is such that it cannot toler 
ate air-trafhe delays that are often accepted by the pre 
peller-driven aireraft. The speed limitations an 
maneuvering characteristics of the helicopter must 
be considered. 

It appears that problems such as these can only be 
solved by the cooperative effort of almost all branche 
of the acronautical sciences. “The power-plant and ait 
frame designers must consider controllability of 
traffic as important to their future designs as other chat 
acteristics of the aircraft. Airport designers must con 
sider the configuration of runway layouts and ramp fa 
cilities to handle higher density traffic with less delay 
Improved runway design can materially reduce ai 
traffic bottlenecks by providing multiple turn-off strip 
wider landing strips, and taxiway configurations 
avoid congestion on the airport. Electronic enginees 
must provide improved means of aircraft navigation 
guidance systems so that the efficiency of air-trafti 
control can be improved while retaining adequate stan 
ards of safety. 

This paper deals with a part of the relationship of ele« 
tronics to air-traffic control. Aircraft position measure 
ment and reporting of position to the ground are fund 
mental to air-trafie control. Without adequate m« 
of determining the position of several aircraft and rel 
ing this information to the respective prescribed fligh 
plans (schedule and track) for each aircraft, not ev: 
the sunplest form of control can be achieved. As po 
tion determination becomes more accurate, closer toler 
ances in track guidance and schedule control can | 
maintained. Assuming that runway and ramp 


cilities are adequate, the electronic navigation-guidanm 
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ment 


ystem becomes the limiting factor in establishing th 


capacity of a terminal area, 


By umproving the ele 
trome position-measurement technique, the capacity 
termunal area can be increased. 
Position determination can be accomplished by sey 


eral eleetromie means Phe most practical method 


T 


hort-range determination appears to be the polar 


coordinate system in which the angle from a refere 


direction and the distance from the center determin 


the position Phe accuracy with which angle and dis 


tance can be measured thus determines the accuracy 
with which position is known, and the accuracy of 1 


Posi 


lion deternunation is one of the main faetors in es 
lishing the rate at which air traffic may flow 


An mnproved angular measurement system has beet 


deseribed in a previous paper. The present paper de 
seribes a distance-measuring technique that is techni 
cally compatible with the azimuth system, permitting 


tegration of equipment and joint use of the same radi 


channels and thus conserving radio spectrum 

Phe techniques for the measurement of distance by 
radio means are well known and = well established 
Radar, loran, and shoran, all of which measure distance 
ire i everyday use recently, a specialize Ly pe 
of distance-measuring equipment (1).M.E.) has been 
evolved in which distance 1s measured between the ait 
borne equipment and a suitably arranged ground trans 
ponder. The result is displayed automatically in the 


urcraft on a special dial calibrated in miles. The only 


essential difference between the presently labelled 
I). ME. and the older devices is one of utility \ll use 
pulses of one type or another. The newer I). M.E. indi 


cates distance automatically on a dial, while the oldet 


methods used a cathode-ray tube which required inter 
pretation. 


Phe D.M.E. coming into use today has been de 
veloped specifically to handle many of the problems in 
the en-route portion of flight and was not conceived with 
the rigid requirements of terminal area navigation in 
mind. This paper will presently describe a different 


type of D.M.E. designed so as to be capable of meetin 
the anticipated operational requirements. A detailed 


study of these requirements indicates that standards ol 


vecuracy of measurement considerably beyond those r 
quired for en-route flight must be established. It 
also more important to integrate the techmique 


and the actual apparatus of distance measurement 
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into an overall plan of terminal area guidance and con 
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trol so that the essential quantity of position deter- 
mination is achieved by the cooperative use of both 
azimuth and distance-measuring equipment. 

By handling the problem as a whole we are able not 
only to achieve important savings in apparatus weight 
and complexity but also to take up a minimum possible 
] 


amount of the moderate radio-frequency spectrum as 


signed to the navigation of aircraft. This latter con 
sideration has great significance because of the large 
number of important terminals throughout the world 
and the high ratio of the number of using aireraft to 
each terminal, 

Because of these considerations, 1t now seems best to 
review once again the general problem of air-traffie con 
trol before discussing the specialized requirements that 
Navi 


gational problems in the terminal area are so complex 


any D.M.E. in the terminal area must meet. 


that a full understanding must be had of the overall 
problem before any particular piece of radio equipment 
can be properly evaluated, discussed, or described. 
Accordingly, the operational requirements of the termi 
nal area Which affeet the distance-measuring part of a 
navigational system will be discussed at some length be 
the characteristics of distance 


fore any mention of 


measuring equipment itself will be made. 
PROBLEM 


A DISCUSSION OF THE TRAFFIC 


As air traffic approaches the airport and the terminal 
area surrounding it, the traffic density increases rapidly. 
Traffic on any particular air route between cities may be 
light, but, sinee all air routes tend to converge on major 
terminal areas (such as New York, 
Chicago 


major terminals is much greater than on any particular 


Washington, and 
, the density of air traffic around one of these 
ar route. Fig. 1 illustrates this basic problem. Six 
airways are shown entering a terminal area (30 to 50 
miles radius around the airport). By adequate instru 
mentation, each airway can have several tracks dis 
posed either horizontally or vertically. For example, 
ten altitude layers are often employed for air traffic, 
using the altimeter for defining the vertically separated 
arways. It is also possible to use a polar-coordinate 
system to define horizontal parallel airways.” 

Six horizontal parallel airways with ten altitude layers 
can provide 60 lanes of air traffic. These can be em 
ployed to solve some of the problems previously men 
tioned, such as the large speed differential existing be 
tween different types of modern-day aircraft. Air 
traffic lanes can be assigned on a speed basis, giving ex 
press tracks to high-speed aircraft. Other lanes might 
be used for avoiding adverse weather such as icing con 
ditions and rough air. Traffic intersections, such as the 
familiar cloverleaf pattern used on parkways, require 
additional lanes for maneuvering into a new airway. 
The use of many properly spaced airways will also result 
i much greater longitudinal separation between air- 
craft. In this manner, the traffic density on any par 
ticular lane is greatly reduced and safety of the traffic 


Control system is thereby enhanced. 
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FIG.1 - SIX AIRWAYS SERVING A, TERMINAL AREA 


Let us now examine the traffic in the terntnal area. 
There is evidently greater need for multiple lanes or air 
tracks in the terminal area than in the en-route areas. 
However, the available volume of space around the ter- 
minal is much restricted as compared to that in an 
en-route system where airways can spread out hori 
zontally and vertically to greater extent. 


The altitudes available to terminal-area traffie are 
limited, since it 1s advisable to restrict aircraft to a ver- 
tical angle equal to or less than that of the glide path at 
30 miles. This is to avoid the necessity of aircraft 
being forced to dive into the glide path because of being 


A 21/,° 
high at 30 miles. 


too high. glide path is approximately 7,000 ft. 
Obstructions and flight rules often 
lint the lowest usable altitude to approximately 1,500 
ft. Thus, the operationally useful vertical region is 
0,000 ft. indepth at 30 miles and approximately 2,000 ft. 
deep at 15 miles. The useful altitude region becomes 
even less as the aireraft approaches the airport. Of 
course, on final approach the useful altitude region is 
only a few feet in depth. 


It can be seen, therefore, that altitude separation 
cannot be employed extensively in the terminal area, 
even though much closer vertical tolerances can be 
maintained, and that horizontal separation must be 
relied upon primarily for dense traffic operation, since 
the horizontal area in the terminal region is much 
greater, by a ratio of 200 to 1, than the available verti- 
cal area. 

Keeping in mind the limitation on vertical separation, 
let us proceed with the investigation of the traffic in the 
terminal area. Several en-route systems, each with 
multiple lanes, may feed into a terminal area having re- 
stricted airspace. As many tracks as possible must be 
available between any terminal-area entry point and the 
final-approach entry gate to provide a track length that 
entail 


would the minimum delay for scheduling air- 


craft into the final approach. Use of many tracks also 
prevents two aircraft with small separation from fol- 
lowing the same track for any distance until it becomes 
absolutely necessary on the final approach. On top of 
all of these requirements, it is necessary to provide 
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FIG. 2-ELEMENTS OF POSITIONAL ACCURACY 
ESTABLISHING FLIGHT TRACK 


Outbound and inbound 
traffic require separate tracks for safe operation. 


tracks for outbound traffic. 


From the foregoing it can be seen that with air traffic 
pouring in from several multiple-lane en-route airways 
to a restricted volume of airspace in the terminal area, 
this airspace must be utilized as efficiently as possible 
It is evident that the electronic means that defines a 
particular block of airspace must be capable of defining 
it to the greatest accuracy possible. If the airspace 
coordinates cannot be precisely defined, the resulting 
additional latitude in separation between tracks, the 
inability to maintain close longitudinal spacing on thi 
same tracks, and the inability to measure track speed 
adequately will greatly reduce the traffic capacity of a 
terminal area. 

The requirements for the accuracy of the distances 
measurement element of a polar-coordinate system can 
now be summarized. It appears, in general, that the 
traffic employing the terminal area tracks should avoid 
This 
permits the separation between aircraft on the sam 
track to be greater than the final approach landing intet 
val. By having several horizontal tracks in the termi 
nal area and utilizing the volume of this region as effi 


the same common air track for as long as possible. 


ciently as possible, the density on any particular track 
will be greatly reduced. Thus, even where consecutive 
aircraft are arriving from the same airway, independent 
tracks can be assigned to each aircraft, depending upon 
traffic-coordination 
Consequently, the time-separation interval on any par 


speed differential, delays, etc 
ticular track can be allowed to be perhaps three or four 
times that of the final-approach separation interval. 
Let us take, for example, an accuracy of +250 ft. for 
defining the position of the aircraft. Using this figure, 
the air track will be defined by blocks 500 ft. square in 
the horizontal plane, as illustrated in Fig. 2. In order 
to measure the changing position of the aircraft on the 
track so that its future position can be predicted, the 
rate of change of position, or track speed, must be dete1 
considerations based on the final 
approach requirements, a track-speed measurement 
accuracy of approximately 2 per cent is indicated.’ 


mined. From 
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Since the errors in position determination are normally 
unpredictable in their nature, it would be necessary to 
traverse 25 elements in order to get a track-speed meas. 
Thus, it will take a track roughly 2'/, miles 
long to establish a speed measurement to the desired 
accuracy. 


urement. 


Several measurements of speed will be necessary for 
deceleration (consider jets entering the terminal area 
600 m.p.h., for example) for regulating the traffic so that 
it will mesh properly at the point where all multiple 
tracks in the terminal area converge into the final ap- 
proach, and for scheduling crossovers at track inter 
sections in the terminal area wherever necessary. Since 
several separate speed measurements must be made, a 
track length of perhaps 15 times that necessary to make 
a single speed measurement is required for the final 
approach scheduling. This would imply a track ap- 
proximately 35 miles long for decelerating the aircraft, 
getting it under adequate control, and coordinating its 
schedule with other aircraft. 

All of these measurements and the necessary changes 
in speed should be accomplished at a safe distance from 
the entry to the final approach in order to provide time 
and space for maneuvering the aircraft back on another 
track in case adequate control (involving correct head 
ing, correct track speed, correct position, etc.) has not 
been established. For a first approximation, it appears 
that the +250-ft. positional accuracy requirement in 
the terminal area would be adequate for aircraft enter- 
ing the final approach at a rate of approximately 2 per 
min. 

Once all aircraft are on the final approach and are 
being guided by the radio landing beams, a single pre 
cisely defined air track must be maintained in both the 
vertical and horizontal planes. Longitudinal sepa- 
ration between aircraft is also of prime importance, since 
the final approach track may be from 5 to 10 miles long, 
causing aircraft with different final-approach speeds 
to come dangerously close together if some means of 
maintaining separation on the final approach is not pro- 
vided. Since the final approach normally is basically a 
radial path, the accuracy of the distance-measuring por 
tion of the polar-coordinate system determines the accu 
racy with which proper separation can be maintained. 
A typical final-approach problem will illustrate the order 
of the accuracy required. 

Assuming an approach speed of 120 m.p.h. and a 
separation interval of 30 sec., aircraft are spaced with a 
l-mile separation over the 10-mile final- 
track. 
approach speed difference between consecutive aircralt 
of +2 m.p.h. 


common 


approach Let us assume there is a_final- 


If the first aircraft is 2 m.p.h. slow and the second ait- 
craft is 2 m.p.h. fast, there is a closing rate of 4 m.p-b. 
over a 10-mile track. Since the aircraft is on the 10- 
mile track for approximately 5 min., the closing rate 
of 4 m.p.h. is equivalent to a distance of one-third of 
mile or 10 sec. of the approach separation interval. If 
a separation of as little as 18 sec. exists at the entry 
gate,' the separation could get as low as 8 sec. at 


touch 
ysitic 
and sp 

It t 
must | 
on the 
ment 
correc 
that ¢ 
measu 
speed 
15 sec 
accur 


Th 
opera 
systel 
the 1 
to de: 

Aln 
a me 
wave 
of ra 
porpe 
radio 
prope 
accur 
the r 
wave 


l sec 
miles 
trans 
whic! 
recei’ 
miles 
craft 
signa 
that, 
accu 

Ar 
the ¢ 
tone 
later 
goin: 
num 
inter 
tran 
phas 
nals, 
of el 
as 
tran 
elect 


RiNG 


‘mally 
ary to 
meas- 
miles 
lesired 


ry for 
l area 
0 that 
ultiple 
al ap 
inter 
Since 
ade, a 
make 
> final 
*k ap- 
rcraft, 


ing its 


langes 
e from 
e time 
nother 
head 
as not 
ppears 
ent in 
enter- 


r 2 per 


nd are 
le pre 
‘th the 

sepa- 
since 
S long, 
speeds 
ans of 
pro- 
cally a 
lg por 
accu 
rained. 
e order 


and a 
witha 
final- 
final- 
ircrait 


nd air- 
m.p-h. 
he 10- 
ig rate 
rd of a 
al. If 
entry 
sec. at 


DISTANCE-MEASURING EQUIPMENT 51 


touchdown, which is possible because the tolerance in 
position determination (+250 ft.) results in schedule 
and speed tolerances, an extremely dangerous situation. 

It therefore appears that ground-speed measurement 
must be made to a greater accuracy than +2 per cent 
on the final approach and that the interval of measure- 
ment must be decreased to allow sufficient time for 
corrective action. As a first approximation, it appears 
that on the final approach the ground speed must be 
measured to better than +1 per cent, that each ground- 
speed measurement must be made in approximately 
15 sec., and that the distance must be measured to an 
accuracy in the order of 25 ft. 


DISTANCE-MEASURING TECHNIQUES 


Thus far this paper has presented a number of the 
operational requirements for a positioning-determining 
system and the resulting accuracy specifications for 
the measurement of distance. It is now necessary 
to describe a method for meeting these requirements. 

Almost all radio distance-measuring systems employ 
a means for measuring the time of flight of a radio 
wave between two points. The propagation velocity 
of radio is precisely known and is, for all practical 
porposes, a constant value. The problem in designing 
radio distance-measuring equipment is to use this 
property of radio transmission to achieve the greatest 
accuracy possible and to do so with an economy of 
the radio spectrum. The techniques of continuous- 
wave and intermittent continuous-wave transmissions 
can be applied to the distance-measuring problem in 
such a way that both high accuracy and maximum con- 
servation of radio spectrum are achieved. 

A radio wave travels approximately 186,000 miles in 
lsec. Thus, in 1 millisec. a radio wave travels 186 
miles. An aircraft 93 miles from a ground station 
transmitting a radio signal to the ground station, 
which then retransmits the signal to the aircraft, will 
receive the signal 1 millisec. later (93 miles to, and 93 
If the air- 
craft is at a distance of 0.93 miles, it will receive a 
signal back 1/100 millisec. later. 
that, to measure distance to a few feet, exceptionally 
accurate methods of time measurement are involved. 


miles from, the station equal 186 miles). 


Thus, it can be seen 


Another way to state the problem is to say that if 
the aircraft located at 93 miles transmits a 1,000-cycle 
tone, it will receive this tone modulation back 1 cycle 
later. If the cycles were to be numbered and the out- 
going and incoming signals compared at the aircraft, 
tumber one cycle would be received during the same 
interval of time that number two cycle was being 
transmitted. If an electrical circuit measured the 
phase angle between the outbound and inbound sig- 
nals, a l-cycle difference, which is equivalent to 360° 
of electrical phase angle, would be noted. If the air- 
craft moved to 1 per cent of the distance (0.93 miles), 
a8 in the above case, the phase angle between the 
transmitted and received signal would be 3.6°. The 
electrical phase measurement can readily be accom- 


ZERO- | 
| Osc. TRANS. 
METER 
PHASE 


AIRBORNE N 


PHASE 
SHIFTER 


CALIBRATION 
IN MILES 


fe 


GROUND 


TRANS. 


FIG.3- BASIC DISTANCE 
MEASURING SYSTEM 


plished by employing various types of phase-measuring 
devices. These devices are often called ‘phase 
meters,’ “‘goniometers,’’ or ‘‘phase shifters’? and are 
simply electrical yardsticks for measuring the elec- 
trical phase difference between two signals of the same 
frequency. 

Fig. 3 illustrates the basic techniques for phase 
measurement. Distance can be determined by adjust- 
ing the phase-shifting device until the phase between 
the inbound and outbound signals are apparently 
equal, as indicated by a zero-centered meter connected 
to a phase-detector circuit. The phase-detector cir- 
cuit is an electronic device that produces a d.c. signal 
whose polarity and amplitude is proportional to phase 
difference over narrow ranges of phase angle. The 
amount of phase shift introduced in the aircraft is 
equivalent to the phase shift in the radio transmission 
loop to the ground and return and, in turn, is equivalent 
to the distance to the ground station. The phase 
shifter can be calibrated directly in miles, and thus an 
operator in an aircraft can determine his distance to 
the ground by adjusting the phase-shifting device and 
reading the dial setting when the phase-detector signal 
is zero. 

Such a simple system does not meet all the desirable 
operational objectives of distance-measuring equip- 
ment, since manual adjustment and zeroing of the 
instrument is necessary. Also, a system such as de- 
scribed has limitations in accuracy due to imperfections 
in the phase-measuring process itself. 


In the employment of such equipment where one 
station is air-borne and the other is on the ground and 
where two radio channels are involved, an error in 
phase measurement of as much as +3° can be ex- 
pected under operating conditions. Under ideal lab- 
oratory conditions, an accuracy of +1'/;° has been 
obtained. However, such an accuracy could not be 
obtained under normal operating conditions. Thus, 
experience has indicated that one cannot expect much 
more than +3° phase-angle stability through such a 
system. Using the 1,000-cycle tone modulation and 
the phase-shifter illustrated previously, this would be 
equivalent to a little less than 1 mile. The automatic 
measurement of distance om a dial or a map-type 


52 AERONAUTICAL ENGIN] 
presentation appears desirable, since the pilot cannot 
be expected to be making manual adjustments under 
changing conditions of distance. Thus, there ap 
pears the need for improved accuracy and automatic 
instrumentation. 


The automatic measurement can be accomplished 
simply by amplifying the signal to the zero-centered 
meter and causing it to drive a motor that mechanically 
The motor will turn the 
phase-shifter in the correct direction and stop when the 
signal from the phase-detector has reached zero. The 
phase-detector determines the direction the motor 
should turn. 


rotates the phase-shifter. 


As the aircraft changes distance, the 
phase angle is changed, and this causes the motor to 
drive in the correct direction to bring the electrical 
phase-detector signal back to zero. Thus, a 
observing the automatically positioned shaft of the 
phase-shifter can determine his distance. 


pilot 


The equipment limitations that do not permit 
accurate measurement of phase angle in such air-borne 
equipment can be overcome to a great extent, and the 
goal of measuring distance to an accuracy of a few feet 
can be achieved. In the previous example the 1,000 
cycle signal produced a phase-angle difference between 
the outbound and inbound signal of from 0° to 360 
for a distance change of 0 to 93 miles. Beyond 93 
miles, the signal goes through another cyclic change, 
but the second cycle cannot be detected from the 
first, since, in the phase measurement equipment 
described, 180° of 46'/2 miles would appear the same as 
360° plus 180° or a distance of 139'/2 miles. The 
ability to resolve ambiguity in a distance of 93 miles 
is not difficult under most conditions. 
ticularly true of the terminal area, where it is assumed 


This is par 


that other navigational means have guided the aircraft 
to its boundaries. Thus, for a 30-mile maximum range 
(the terminal area), the 1,000-cycle distance-measure 
ment signal can be employed without fear of ambigui 
ties. If, now, the accuracy is inadequate, as it appears 
to be, a measurement signal of a higher frequency 
(a shorter distance) will supply greater measurement 


accuracy. Assuming the +3° electrical phase -errors 
in the system, much higher accuracies can be achieved 
if an 18,600-cycle tone modulation is employed in 
the measurement of distance. A phase shift of 360 
will then occur for a distance of 5 miles and will repeat 
itself every 5 miles. A pilot using such a measurement, 
however, could not determine, for example, whether 


he was at 5, 10, 15, or 20 miles. 


By combining the low-frequency measurement with 
the higher-frequency measurement, a coarse and fine 
system is achieved. This coarse frequency will resolve 
the 5-mile ambiguity, and, at the same time, the higher 
frequency will give a more precise measurement of 
distance. This general technique improves the dis 
tance accuracy by the ratio of the frequencies. In this 
case, the improvement is approximately 18 times. In 
practice, both coarse and fine systems are used simul 


taneously and jointly. The automatic servo shaft 
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GROUND 


positions out the coarse system and then switches to 
the fine system. No action on the pilot's part is re- 
quired for any of these operations. The pilot merely 
knows the distance more accurately by the two- 
frequency method. 

Physical equipment based on these principles has 
been constructed by the Sperry Gyroscope Company 
and is now undergoing flight trials by the All-Weather 
Flying Division of the U.S.A.F. 

Fig. 4 illustrates the basic coarse and fine system, 
By such a means, ambiguities are resolved and the 
necessary accuracy acquired. The addition of a second 
or even a third frequency does not complicate the 
system much over the simple single-frequency system, 
since almost all parts of the radio loop, transmitters, 
receivers, servos, etc., are common to the two- or 
Thus, an increase in ac- 
curacy to almost anything required operationally can 


three-frequency systems. 


be achieved, including the extremely high accuracy 
required for final approach. 

It is important to note that discrete fixed fre- 
quencies are employed for the measurement, thus 
permitting the use of narrow-band filters adjusted to 
this manner, the 
overall bandwidth of the distance-measurement system 


the measurement frequencies. In 


is reduced and the signal-to-noise ratio is improved. 
These discrete frequencies utilize only a small per- 
centage of the available modulation spectrum of the 
air and ground radio transmission and _ reception 
equipment. 

It is therefore possible to supply part of the radio 
The D.M.E 
described has been integrated with a 5,000-me. omni- 
that the omnirange 


supplies a radio channel to all aircraft employing the 


loop by using another facility. herein 


range system! so transmitter 
system, and the omnirange receiver in the aircralt 
receives both the distance-measurement signal and the 
Modulation for these functions 
and several other functions are filtered off at the air 
craft’s receiver and are treated independently by 
measurement circuits. 


omnirange signal. 


Thus, economy of radio spec 
trum and equipment are an important part of this 
D.M.E. technique. 
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MULTIPLE AIRCRAFT USE OF THE D.M.E. 


It is obvious that if 50 aircraft are all transmitting 
4 continuous distance-measuring tone modulation on 
the same radio channel, interference between signals 
will be encountered. To avoid interference, each air- 
craft utilizes the radio channel only a fraction of 1 
per cent of the time, thus reducing this problem to a 
point where it no longer can affect the system in opera- 
tional use. If each aircraft used the radio channel 
one-third of 1 per cent of the time, 300 time intervals 
would be available. By scheduling the transmission 
time of each aircraft, a multiple aircraft service is 
provided. 

In practice, this scheduling is accomplished by 
azimuth scanning of the terminal area in a manner 
similar to a rotating searchlight beam. As the scan- 
ning device passes through North, a signal is trans- 
mitted to all aircraft employing the service to notify 
them that they are to transmit at a time proportional 
to their azimuth position. The azimuth scan is made 
in 6 sec. The aircraft employ their omnirange re- 
ceiver for determining their azimuth and, thus, the 
time at which they can measure distance. For ex- 
ample, an aircraft at North responds instantly. An 
aircraft at 90° responds 1.5 sec. later; an aircraft at 
180°, 3 sec. later; ete. 

The response time is 1,60 sec., during which the 
radio loop between the air and ground is closed and a 
distance measurement is made. This permits 18,600 + 
60 or 310 separate cycles of the higher-frequency 
modulation to be measured in the phase-comparing 
circuit. The phase-measurement circuit receives a 
signal for each cycle so that, essentially, the distance 
is the average of the 310 consecutive measurements 
during the 1/60 see. This signal is then stored in an 
electrical circuit, and the next few seconds are used to 
position the control motor to the new position. 

Since a precise measurement of distance is made 
each 6 sec., it is possible, after four or five measure- 
ments, to establish the rate of change of distance. 
This signal is also fed to the servomotor to smooth 
out the indication. If a measurement is lost because 
of interference or loss of signal, the rate of change of 
distance ‘‘remembered” in the electrical circuits is 
employed to move the phase measuring device to the 
lew assumed position. This can continue for as many 
as four or five consecutive missed measurement periods. 
Thus, smooth and accurate data are fed to the pilot’s 
display. By the time-sharing process described and the 
employment of rate and rate memory in the servo 
systems, a distance-measurement system is provided 
which will not be saturated under the highest possible 
anticipated utilization rate. 


INSTRUMENTATION OF DISTANCE INFORMATION 


It is possible to present distance data to the pilot 
in several forms. These include such standard-type 
indication as multiple-hand clock-type indicators, 
Veeder-Root counters, electrical meter movements, 


OMNI-DME 
STATION 


FIG 5-TYPICAL TERMINAL AREA TRACK 
synchro repeaters, etc. In the terminal area, complex 
configuration of the flight tracks under dense traffic 
conditions is more the rule than the exception. It 
appears impossible for the pilot to fly a track as illus- 
trated in the accompanying figure by means of an inde- 
pendent azimuth dial, distance dial, and heading dial. 

For example, in Fig. 5, if the aircraft proceeds down 
the track as illustrated at point ‘“‘A,’’ the azimuth is 
changing slowly but the distance is changing at nearly 
At point “B,” azimuth is 
changing at a high rate but distance changes are nearly 
zero. At point 


the ground-speed rate. 


azimuth again is changing only 
slightly but distance is changing at nearly ground- 
speed rate but in the opposite direction as compared 
to point “A.” At point “D,” the direction of flight 
has been changed so that distance is again changing 
only slightly and azimuth is changing rapidly. Even 
more complex relations of distance, azimuth, and head- 
ing exist during a precision turn such as at point ‘‘E,”’ 
the turn into the final approach. Under wind condi- 
tions where the heading must be computed for a given 
ground track, more complexities are added. 


Fic. 6. Pilot’s indicator. 
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Fic. 7. 


“Course-line’’ computers have been developed to 
convert omni-D.M.E. data to straight-line tracks which 
are interpreted by the pilot on a right-left meter. 
However, such computers are not satisfactory in the 
terminal area, since (1) several straight tracks are 
involved, (2) precision control turns are needed, (3 
complex curved tracks are a necessity in dense traffic, 
and (4) the pilot has only a track-error signal and has 
no idea of where he is on the flight track or what is 
coming up in the future. 

These problems are alleviated by the employment of 
pictorial graphic computers, which consist primarily 
of a map display showing the flight track and the 
position and attitude of the aircraft relative to the flight 
track. A small crab automatically positioned by the 
D.M.E. and azimuth servos moves across the map 
and presents the position of the aircraft relative to 
the flight track. The crab has an arrow indication 
that is connected to the Gyrosyn* Compass so that the 
aircraft’s heading and position are both shown on the 
map relative to the flight track. This automatically 
presents drift to the pilot. These pictorial computers 
have received considerable development and appear 
to be the most promising approach to date for the solu 
tion of the aircraft instrumentation problem in the 
terminal area. 

A pictorial computer displayt employed with the 
5,000-mc. Omni-Range D.M.E. is shown in Fig. 6 


* Reg. Trade Mark of The Sperry Corporation. 
7 Developed under the auspices of U.S.A.F. All-Weather Fly 
ing Division and Watson Laboratories. 
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and will be reviewed as an example of the integration 
of the distance display with azimuth. This display 
consists of three small servomotors that position the 
crab in azimuth, distance, and heading relative to the 
ground station shown at the center of the display. All 
servos are automatic and move smoothly with changing 
position and aircraft attitude. As the aircraft proceeds 
down the flight track, the presentation is much like 
that which the instructor of a link trainer observes 
when a student is working out a radio-range problem 
If the student could observe the instructor’s display, 
he could undoubtedly do a superior job. 


The small crab that presents the position of the 
aircraft has a recording stylus that electrically records 
the actual path of the aircraft on facsimile paper, show- 
ing deviations from the flight track, drift angle, and 
overall performance. This is particularly useful in 
determining small angles of drift, since the narrow 
recorded line will show a track deviation of only a few 
hundred feet. If the heading is incorrect for the 
flight track the drift is shown by the angle between 
the recorded flight track and the desired flight track. 
Correction is easily approximated and the normal 
bracketing involved in flying radio flight tracks 1s 
greatly reduced by a display using this memory 
feature. 

The following series of photographs (Fig. 7) show 
such a pictorial display at discrete intervals along 4 
given flight track. As the aircraft flys along the 
flight track, the display presented to the pilot is i- 
dicated by the photographs. 
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SUMMARY AND CONCLUSIONS 


In the terminal area, anticipated operational require- 
ments lead to consideration of new techniques for 
traffic control. Both azimuth and distance measure- 
ment of aircraft position must be properly combined 
in air and ground equipment. It has been shown that 
measurement of distance, particularly on the final 
approach path, may require accuracies up to +25 
ft, A satisfactory method for achieving accuracies 
of this order of magnitude is to use phase measurement 
of a decade set of modulations on a radio frequency 
carrier that also delivers azimuth information. 


It has also been shown that mere measurement of 
azimuth and distance with separate dial indications 
js not sufficient to permit satisfactory pilotage. It 
has been shown how a map-type display is an improve- 
ment. Such a display combining azimuth, distance, 


and heading allows the pilot to fly any required com- 
plex flight track. 

It is concluded that: 

(1) In addition to an accurate azimuth system, a 
precision D.M.E. is required for air traffic guidance 
and control in the terminal area. 

(2) Limitations of radio spectrum and operational 
requirements force combination of D.M.E. and azimuth 
functions in system design. 

(3) Map-type display as described is desirable for 
proper utilization of this information by the pilot. 
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Problems of Standardizing Electronic Equipment 
for Aircraft 


(Continued from page 27) 


automatic radio direction finders to provide the pilot with 
heading information along with the four-course range 
track information. Final refinement added to the low- 
frequency system was the 75 me. markers. The air- 
borne radio equipment usually carried for the low- 
frequency system totaled two range receivers, an auto- 
matic direction finder, a medium frequency transmit- 
ter-receiver unit, and a marker beacon receiver. 

Transition aircraft electronic systems now partly in- 
stalled, or scheduled for installation by the 1953 
transition program, consist of a V.H.F. transmitting- 
receiving unit, two V.H.F. omnidirectional radio range- 
runway localizer receivers, one marker beacon receiver, 
one low-frequency automatic direction finder, distance 
to the station measuring equipment, shortest course 
computers, and a private-line communication system or 
a second V.H.F. communications unit. From the 
minimum of three or four aircraft radio equipments 
used with the four-course ranges, the improved air 
traffic control program during the transition period will 
require a minimum of eight aircraft radio units to be 
carried in air passenger service. 

Today, the distance-measuring equipment, the second 
omnireceiver, the V.H.F. communications, the com- 
puters, and the private-line communication are to be in- 
stalled in the aircraft to complete the transition pro- 
gram. The C.A.A. installation of the ground facilities, 
which must precede the air-borne installations, are well 
along. Basic V.H.F. communications and visual omni- 
faiges are now operating, with distance-measuring 
equipment being scheduled for installation. These 


primary C.A.A. ground aids, operating with the air- 
borne equipment, provide the basic transition electronic 
program. The private line and the course computer will 
be added to the basic systems. 


Air-borne electronic equipment characteristics can 
now be established for all units of the transition period 
except the private line. However, with 2 or 3 years re- 
quired to design and to manufacture and another 2 
years to install the equipment in operating aircraft, the 
program is now 2 years behind. Today, we must step 
up our implementation to keep pace with air traffic re- 
quirements by planning to provide electronic equip- 
ment space in new aircraft and to modify in service air- 
craft to facilitate the electronic equipment installation. 
These provisions must be for electrical power, aircraft 
wiring, accessible controls, antenna systems, equipment 
space, and extra instrument mounting space. 


To control our expanding air traffic, we must use, in 
the air and on the ground, an efficient and dependable 
electronic navigation system to handle the high-speed 
traffic. This means better planning and better use of 
better electronic equipment. The engineer has, by his 
design of electronic devices, provided cognizant opera- 
tional planning bodies with the vision to create a 
“common system” of air traffic control. The engineer 
can design the electronic equipment for this common 
system. The final success of the ultimate common plan 
of the air traffic control depends upon the continued un- 
varying vision of the cognizant operational planning 
organizations. 
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1.A.S. Previews 


Tables of the Theodorsen Circulation 
Function for Generalized Motion 


By 


Yudell L. Luke and Max A. Dengler 
Midwest Research Institute 


Important in all stability, aeroelastic, 
and flutter problems is the Theodorsen 
C(k) function. 
well known if the motion is harmonic 
tables of the 


lables of this function are 


Heretofore, Theodorsen 


function for generalized motion have not 


been available. In this report, the latter 
tables are given for a range that should be 
sufficient to meet the needs of aero 
dynamicists. W. P. Jones has given a 
discussion of the generalized Theodorsen 
function, but his results appear incorrect, 
for, in his analysis, the Theodorsen func 
tion as derived by approaching harmonic 
motion from the side of stability and from 
If the 
Jones analysis were true, the nonunique 


the side of instability is distinct. 


ness of the Theodorsen function would 
imply that the Bessel functions are not 


™ continuous, which is indeed false The 
difficulty is clarified in this paper 


The Turbulent Boundary Layer in a 
Compressible Fluid with Positive Pressure 
Gradient 


By 
Carlo Ferrari 


Cornell Aeronautical 


Inc. 


The turbulent boundary layer in com 


Where there is a pressure increase in the 
direction of motion in order to determine 
its effect upon: (a) the velocity distribu 


layer, (b) the variation of the thickness 
of the layer as one progresses along the 
boundary and the calculation of the corre 
sponding drag coefficient, and (c) the 
Phenomenon of separation of the stream 
from the wetted wall. 

A check, resulting in close agreement, is 
made of the theory by comparing the 
Velocity profiles predicted on this theo 
tetical basis with those obtained in experi 


Laboratory, 


pressible flow is investigated for the case 


tion at an arbitrary cross section of the 


Summaries 


ments, at low speed, under the influence 
of pressure gradients. A further numeri- 
cal application is worked out for the case 
of a supersonic (Mach Number = 1.5) un 
disturbed stream velocity, but no experi 
mental data at such high speed are at 
present available for confirmation 


Note on Bending of Thick Sandwich 
Plates 


By 
George Gerard 
New York University 


A system of equations describing the 
bending of thick isotropic sandwich plates 
is developed. The thick-plate system is 
required when a characteristic length such 
as a buckle wave length is of the order of 
magnitude of the sandwich thickness 
When the characteristic length is large, 
the thick-plate system reduces to the 
ordinary thin-plate system 


A Minimum Energy Solution and an 
Electrical Analogy for the Stress 
Distribution in Stiffened Shells 


By 
L. A. Goran 
McDonnell Aircraft Corporation 


The governing equations that can be 
used in numerical procedures for the stress 
analysis of stiffened shells are developed. 
The development is based on the usual 
assumptions of airplane stress analysis: 
that the ribs are rigid in their own planes, 
that stringers carry only axial load, that 
webs carry only shear load, and _ that 
average shear flows between ribs are ob- 
tainable from a consideration of axial load 
differences in the stringers. The mathe- 
matics of the solution, which is based on 
the principle of minimum strain energy, 
is facilitated by the use of the method of 
Lagrangian multipliers. 

The problem considered is a generaliza- 
tion of that solved by Duberg in that 
effects of taper and curved shear webs are 
considered, while Duberg’s treatment 
excludes the effects of taper and considers 
only flat webs. 


Current 
Accepied for I.A.S. Publications 
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See page 62 for Preprints 
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simple electrical analogy to the 
stiffened shell problem is presented, and 
the method for its application is briefly 
discussed, 

A numerical example illustrating the 
application of the method to a swept plate 
is presented in the Appendix. The solu 
tion is obtained by the use of the govern 
ing equations and also by a numerical 
solution of the equivalent electrical circuit. 


Compariscn of Theoretical and Experimental 
Results for the Turbulent Boundary Layer 
in Supersonic Flow Along a Flat Plate 


By 
Carlo Ferrari 


Cornell Aeronautical 


Inc. 


Laboratory, 


On the basis of experimental results, it 
is found necessary to restrict previously 
obtained theoretical data for the boundary 
layer arising from supersonic flow along a 
flat plate (placed parallel with the free- 
stream velocity vector) to an “inner” 
region, while a different type of solution is 
formulated for the ‘‘outer’’ region of the 
boundary layer, the characteristics of 
which depend appreciably on the distance 
in the direction of the flow. The theory 
now conforms with the experimentally 
determined fact that the drag coefficient 
decreases with increasing Mach Number. 


A Superposition Method for Calculating the 
Aeroelastic Behavior of Swept Wings 


By 
R. B. Brown, K. F. Holtby, and H. C. Martin 
Boeing Airplane Company and Uni- 
versity of Washington 
This paper presents the development 
and application of a method for solving 
aeroelastic problems on sweptback wings, 
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THE STRONGEST, 


SIMPLEST, 


SYSTEM OF 
TRIM TAB 


Although TrimTrol weighs only 
2!4 pounds, it has an ultimate 
static capacity exceeding 1,500 
inch-pounds, and produces 350 
inch-pounds operating torque 
through 180° rotation. 


TrimTrol incorporates zero 
backlash output, 26 volt dc ex- 
plosion-proof reversible motor, 
magnetic brake, built-in exter- 
nally adjustable limit switches, 
externally adjustable position 
transmitter, built-in radio noise 
filter. Airborne’s Servosyn units 
can be used to synchronize two 
or more TrimTrols. Servosyn 
permits ‘“‘dialing’’ the setting 
without overshoot, thus elimi- 
nating a position indicator. 


Offered in two models, differ- 
ing in mounting arrangements, 
but identical in performance. 
Both meet the requirements of 
Specifications AN-M-40, AAF 
41251, TN TSESE-1. 


120° 
160" 
ACTUATOR 
MOTION 


See our condensed literature in the 
I.A.S. Aeronautical Engineering 
Catalog or write for Bulletin 111. 


ACCESSORIES CORPORATION 


Note our 


1414 Chestnut Avenue 
new address 


Hillside 5, New Jersey 


LOS ANGELES, CALIFORNIA -DALLAS, TEXAS - OTTAWA, CANADA 


ENGINEERING 


primarily suitable for use by aerodynamics 
This 
erposition Method, 
separates the aerodynamic 


and structural design engineers. 
method, called the Suy 
and structural 
making it 


calculations, possible to use 


either theoretical or experimental deter 
minations of spanwise and to 

The 
leveloped principally 


loading 


account for induction effects. 


method has been 


for use in design calculations where sim- 


plicity and rapidity of solution are pri 


mary considerations 


First, certain selected initial twist dis 


tributions are applied 


to the wing, and, 


for these, the spanwise loading is deter 


mined and the el deflections com 


puted. Any arbitrary loading may then 


be calculated by perposition of these 


initial effects, plus the requirement of 


equilibrium betwex elastic and aero 


dynamic forces 

The Superposition Method can be used 
to solve the usual aerodynamic problems 
arising in longitudinal and lateral stability 


and control and to provide structural de 


sign criteria. Ap tion of the method 
to these proble: discussed in the 
second part of this paper In applying 


the method, onc« in parameters have 


been calculated the solution to a large 


number of roblems follows at 


spec 
once by applicatior the superposition 
principle 


Preprint No. 292 


Determination of Rocket Motor Heat- 
Transfer Coefficients by the Transient 
Method 


By 
Stanley Greenfield 
North Amer Aviation, Inc. 

An experimental procedure has been 
developed to measure gas film heat 
transfer coefficients in rocket motor com- 
bustion chambers 1 nozzles. The pro 
cedure utilizes the nsient temperature 


rise of the uncooled segmented walls of a 


rocket motor to determine the rate of 


heat transfer. 


This ‘‘transient method’’ was used to 


determine axial variation of film heat- 


transfer coefficients of gases at tempera- 


tures up to 3,000°F. flowing through a 
de Laval-type supersonic nozzle at rates 
typical of rocket motor operation. Ex 
perimentation results of 107 tests are 


presented. 


Forty-nine tests were conducted with 


high-pressure air at 1,400°F. and at mass 
velocities varying between 1.4 X 10° and 
6.8 X 105 lbs. per ft 
ing 58 tests were conducted on an oxygen 
ethyl alcohol rocket 1,000-Ib. 
nominal thrust by passing the combustion 
gases through the test 
of between 3.5 X 10 
per ft.? hour and 
tures of 3,000°F 


2 hour. The remain- 


motor of 


nozzle at flow rates 
and 11.3 X 105 lbs. 
at estimated tempera- 

Experimental values 
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For Dependable 
Hose Connections 


WITTEK 


STAINLESS STEEL 


HOSE CLAMPS 


For over a quarter century, Wittek has 
specialized in hose clamps, devoting 
craftsmen’s skills to producing hose 
clamps of uniform accuracy in clamp- 
ing action combined with superior 
vhysical strength, for dependable leak- 
proof hose connections. This experience 
is yours when you place your aircraft 
hose clamp requirements with us. 


WITTEK FBSS 
(Radial Type) 


Made of stainless 
steel and utilizing 
the Wittek Float- 
ing Bridge. Tested 
and proved for 
dependable serv- 
ice on all types of 
aircraft applica- 
tions, Long 
accepted as the 
standard of the 
industry. 


WITTEK WWD 
(Tangential Type) 


Made of stainless 
steel and avail- 
able in all stand- 
ard aircraft sizes. 
Also furnished in 
diameters up to 
12” for duct and 
other special 
applications. 


Permits easy in- 


stallation when hose is in place. 


Meet current AN specifications 
and have C.A.A. approval. 


“SS Write for Details 


MANUFACTURING CO. 
4332 West 24th Place, Chicago 23, Illinois 
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B. F. Goodrich Chemical Company raw materials 


FOR A THUNDERJET 


HAT’S the greenhouse of a 

Thunderjet, ready to slip into 
position. When it does it will stay 
sealed air-tight, even at supersonic 
speeds and high pressures. 


You wouldn’t know that the manu- 
facturer had tried dozens of seals—all 
failures until Hycar was used for the 
job. These inflatable seals of various 
materials would crease and fold in the 
corners or pull out of the channel. 
Some became soft under high tem- 
peratures. Some “ballooned” into the 
cockpit. 


All that happened before a Hycar 
OR-25 compound was used. The seal 
isa U-shaped tube with a short intake 
tube connected to the Thunderjet’s 
compression pumps for fast inflation 


Hycar seal developed and made by Parker, Stearns & Co., Brooklyn, N. Y. : 
Photo courtesy of Republic Aviation Corp., Farmingdale, Long Island, N. Y. 


to lock the seal. The tensile strength 
of Hycar, its low compression set, its 
resistance to low and high tempera- 
tures, its oil resistance and aging 
make it the ideal rubber compound 
for the purpose. 


Hycar OR-25 is just one of a wide 
range of highly useful rubber com- 
pounds. They’ve helped solve many 
“tough” problems, because they are 
so versatile. For Hycar has advantages 
that exactly meet many civilian and 
defense needs. 


Hycar has outstanding resistance 
to oil, gas and many chemicals. It re- 
sists heat and cold, weather and wear, 
abrasion and more hard-to-meet con- 
ditions. It may be just what you need 
to improve or develop a product. 


Right now demand for Hycar exceeds 
supply. But we can supply experimen- 
tal quantities for development work. 
For helpful information and technical 
service, please write Dept. HE-5, B.F. 
Goodrich Chemical Company, Rose 
Bldg., Cleveland 15, Ohio. In Canada: 
Kitchener, Ontario. Cable address: 
Goodchemco. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


Reg. U.S. Pat. Of 


GEON polyvinyl materials e HYCAR American rubber ¢ GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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of nozzle gas film heat-transfer cocthcient 


for 


rel 


both the rocket motor and the lower 
temperature tests were satisfied by the 
ation 
h, 0.029 (G°8/D®? 


Three-Dimensional Shock-Wave 
Reflections 


E. 


three-dimensional bodies are 


By 
Migotsky and M. V. Morkovin 
University of Michigan 


Reflections of steady shock waves from 


analyzed by 


applying the sweepback principle locally 


along the intersection between shock and 


body. 


It is found that the mathematical 


analyses of two important special cases 


namely, a plane shock intersecting a ci 


cular 
pinging on 
because of 


local geometries, 


eylinder and a conical shock im 


a plane surface--are identical 
the underlying similarity of 


In both cases, it is con 


cluded that some type of Mach reflection 


must occur over part of the body even if 


AL 


ENGINI 


regular reflection 


where the shoc! 
Furthermore, the 


Wave origi 


the circular cyl 
practical signific 
and their possib 
ence of a bound 


cussed 


Transient Loading of Wide Delta Airfoils 
at Supersonic Speeds 


By 
John W. Miles 
Univer 
Angele 
Phe indicial 


wing, bounded by 
cdges and a stt 


located in an ot! 


sonic flow, is calcu 


linearized theory 
to the calculation 
on a “wide” delta 


change of angk 


trailing edge and 


d on 


hheations pre 


ire brietly dis and curve 


given in the form of algebraic forn 
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ible at the point sharp-edged gust, an impulsive gust, and 
reaches the body sharp-edged and impulsive gusts having 
nee of an expan antisymmetric linear velocity  distriby 
on the lee side of tions over the span. The response of 
indicated Phi two-dimensional airfoil to an impulsiy: 
these phenomena gust also is calculated. These result 


The Laminar-Turbulent Transition in a 


Boundary Layer 


By 
H. W. Emmons 
Harv 
fornia at 


turbulent flow 


we ofa pointed new 


upersonic leading nomena 


uniform supet is derived for 


the basis of nomenological 


result is applied the theory to 


lift and moments 
| due to a sudden and 


tack, a umform, 


observations of 


this 


gives some insight 


ard University 


A theory of transition from laminar ti 
is developed 
the 
Every point of a body i 


manner, 


available 


shows the way to additional 


mental results required. 


from some 


transition phy 


turbu 


lent a fraction of the time, and a formula 


fraction in a_ phe 
Application. of 

flat plate data 

into observed effects 
experi 


Special Publications 


M. Fairchild Publication Fund Papers 


Sherman 


No, 

FF-5 Symposium on Standardization in Technical 
Information Services for Government Con 
tractors 

FF-4 Finite Deflections of Curved Sandwich Plates 
and Sandwich Cylinder F. K. Teichmann 
and Chi-Teh Wang 

FF-3 The Penetration of a Fluid Surface by a 
Wedge—tExperimental Towing Tank 
Stevens Institute of Technology. 

FF-2 A Study of the Flow, Pressures, and Loads 
Pertaining to Prismatic Vee-Planing Sur 
feces—Experimenteal Towing Tank, Stevens 
Institute of Technology 

FF-1 lee Protection for Turbojet Transport Air 
plane (In Three Parts) —P. T. Hacker, R. G. 
Dorsch, T. F. Gelder, J. P. Lewis, H. C 
Chandler, Jr., and S. L. Koutz. 

286 Linearized Treatment of Supersonic Flow 
Through Axi-Symmetric Ducts with Pre- 
scribed Wall Contours—Charles E. Mack 
Jr., and Ignace |. Kolodner 

244 Wetted Area and Center of Pressure of Plan- 
ing Surfaces—txperimental Towing Tank, 
Stevens Institute of Technology. 

229 Wave Profile of a Vee-Planing Surface, In- 
an Test Data on a 30° Deadrise Sur- 
face—txperimental Towing Tank, Stevens 
Institute of Technology. 

170 Wave Contours in the Wake of a 10° Dead- 
rise Planing Surface —Experimental Towing 
Tank, Stevens Institute of Technology. 

169 The Discontinuous Fluid Flow Past en In- 


merse edge—txperimental Towing 
Tank, Stevens Institute of Technology. 


Member Nonmember 
Price Price 
$1.0 $ 
$0.50 $ 
$1.20 $1 
$1.20 $ 
$0.75 $ 
$0.75 $1 
$0.75 $1 
$1.20 $1.¢ 
$1.20 $1.¢ 
$0.75 $1.0 


No. 

168 Wave Contours in the Wake of s 20° Dead- 
rise Planing Surface—Experimental Tow- 
ing Tank, Stevens Institute of Technology. 

167 On the Pressure Distribution for a Wedge 
Penetrating a Fluid Surface —Experimental 
Towing Tank, Stevens Institute of Tech 
nology 

166 An Analysis of the Fluid Flow in the Spray 
Root and Wake Regions of Flat Planing 

urfaces—Experimental Towing ank, 
tevens Institute of Technology 

165 Theory and Practice of Sandwich Construc 
tion in Aircraft (A Symposium) 

164 Applications of the Theory of Free Molecule 
Flow to Aeronautics—Holt Ashley. 

106 Measurement of Ambient Air Temperature in 


Flight —W. Lavern Howland. 

105 An Evaluation of the Importance of Fatigue 
Phenomena in Aijircraft—C. R. Strang, L 
R. Jackson, L. F. McBrearty, R Rhode, 


and R. L. Schleicher. 


Tensor Analysis of Aircraft Structural Vibra- 
tion —Charles E. Mack, Jr 


102 Electrical Resistance Strain Gages Applied to 
Wind-Tunnel Balances—Elmer Lund- 
quist. 

101 Introduction to Shock Wave Theory—J. G. 
Coffin 

100 Blade Pitching Moments of a Two Bladed 
Rotor—R. W. Ailen 

126 External Sound Levels of Aircraft. L 
Field, T. M. Edwards, Pell Kangas, and 


G. L. Pigman 


Member 
Price 


$1.20 


$0.75 


$1.20 
$1.85 
$1.15 


$0.35 


$0.80 


$1.85 


$0.60 
$2.65 


$0.75 


$0.75 
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JA.S. Prepri 


Preprints of Nineteenth Annual Meeting Papers Currently Available 


(All produced in accordance with new format except those marked with an asterisk) 


RA wW RA 
Price Price Price 
Problems of Standardizing Electronic 322 Exploratory Wind-Tunnel Investigation 
Equipment for Aircraft—Charles R. of Wings and Bodies at M 6.9 
Banks. $0.35 $0.75 Charles H. McLellan $0.50 
“ 
321 Similarity Laws for Slender Bodies of 
at 40,006 0.3: Revolution in Hypersonic Flows 
stanford E. Neice and Dorris M. Ehret 0.35 
Recent Investigation of Temperature Re ; 
covery and Heat Transmission on Cones 320 The Effect of Changes in Altitude on the 
and Cylinders in Axial Flow in the Controlled Behavior of a Gas-Turbine 
oe Aeroballistics Wind Tunnel Engine-—S. C. Himmel and Richard P. 
_R. Eber 0.50 0.8 Krebs, 0.50 
Ben O50 319 Desirable Longitudinal Flying Qualities 
ase Fressure - Kurzweg ? for Helicopters and Means to Achieve ; 
An Investigation of a Rotor Blade Ther Them—F. B. Gustafson. 0.50 
mal Ice Prevention System for the H-5 
Helicopter—E. F. Katzenberger 0.50 0.8 318 Determination of Elastic Wing Acro 
namic ( h cteristics lie T 
Dynamic Effects in Rotor Blade Bending sh | liom J 0.65 
A. H. Flax and L. Goland 0.65 
General Aspects of Cabin Pressuriza 317 = Investigat >of Flight Flutter Testing 
tion—R. W. Rummel. 0.35 0.7 


‘ Martin D. Schwartz and 
Wrisley 0.50 


Some Results of Swept Back Wing Struc- 


t 1s 
ural Studies—A. L. Lang and R. 316 Distance Measuring Equipment for the 


Bisplingho#f 0.50 Terminal rea—Joseph Lyman and 
Summary of Recent Experimental Investi- seorge B. Litchford 0.50 
gations in the NOL Hyperballistics 
Wind Tunnel—Peter P. Wegener. 0.50 315 Problems in Transport Aircraft 
nuler 
A Limiting Case for Missile Rolling Mo- , 
ments—Ernest W. Graham 0.35 0.75 314 Comparative Significance of Transport 
Some Aspects of Air Transport safety Statistics Rudolf Modley 0.35 
Safety . Christenson. 0.35 
A Theory the Direct and Inverse Prob- 312 Pr R T jen 
lems of Compressible Flow Past Cas- 0.35 
cade of Arbitrary Airfoils—Chung- 
Hua Wu and Curtis A. Brown. 0.35 0.75 311. Damping in Pitch of Bodies of Re volution 
t Supersonic Speeds B.S 
Packaging of Airborne Electronic Equip- B Be 0.50 
ment—Orville M. Dunning. 0.35 0.7 
An |mpulse-Momentum Method for Cal- 310 On the Stability of Two Dimensional 
culating Landing-Gear Impact Condi- Laminar Jet Flow of Gas—S. I. Pai. 0.65 
tions in Unsymmetrical Landings—R. T. 
Yntema 0.50 0.85 309 Frequency Allocation for Aviation Elec 
tronics—Edwin Lee White 0.35 
Theoretical Investigation of Several Types 
of Single-Degree-of-Freedom Flutter— 308 Allowable Compressive Stresses in Ajir- 
Harry L. Runyan, Herbert J. Cunning- craft Structures—B. E. Gatewood and 
ham, and Charles E. Watkins 0.50 0.8 E. L. Williams 0.50 


Preprints should be ordered by number from: 
Preprint Department, Institute of the Aeronautical Sciences 


2 East 64th Street, New York 21, N.Y. 
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LITTLE 


Arma Electrical 
Resolver 


ARMA Cop" 
CORPORA! 


A Making important things little is a militarily vital objective of the acceler- 
c ated engineering activity which characterizes Arma. Making them little 

b and interchangeable and more accurate...all at the same time. 
B }¢ An example of advancing miniaturizing accomplishment is the new lighter, 
a more accurate and interchangeable Arma electrical resolver. This is one 
of the computing components that replaced a formidable aggregation of 
gears, bearings and slides previously used in fire-control equipment to 
solve the trigonometric functions. It is the “thinking’’ mechanism in modern 
military instrumentation which solves such gun-laying equations as a=c 

sinA=c cos B instantaneously. 

The mechanical resolvers of World War Il have since given way to the 
electrical. Application of the new miniature Arma electrical resolvers to 
db the needs of all the Services is widening as rapidly as accelerated engi- 


neering can push it. This is another way Arma engineers work to help 
make America safe against those who wish to destroy it. 


ARMA CORPORATION 
ARMB"""" 254 36th STREET, BROOKLYN 32, N. Y. 
INSTRUMENT SUBSIDIARY OF AMERICAN BOSCH CORPORATION 


PR | N C | P A q P R 0 D U C S Guntive Control Systems Contre! 
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1950 Safety Contest Closes with 
North American and AiResearch 


in Front 


The National Safety Council's Aero 
nautical Industries Section Safety Con- 
test for the 1950 calendar year came to a 
successful close with most of the con 
testants finishing with rates lower than 
those of a year ago. 

North American Aviation, Inc., won 
the distinction of capturing both the 
first and third spots among the winners. 
AiResearch Manufacturing Company, 
Division of The Garrett Corporation, 
placed North American’s 
Downey, Calif., plant experienced a 
frequency rate of injuries sustained 
during this period of 1.57 per million 
man-hours; 


second. 


AiResearch had a_ fre- 
queney rate of 1.60; and North Ameri- 
can’s Los Angeles plant came through 
with a 1.86 rating. 
rating for the twelve participating 
companies that completed the contest 


was 2.73. 


The 1950 average 


These particular concerns 
reported a total exposure of over 183,- 
500,000 man-hours and a total of 502 
injuries. 

As first-place winner, North Ameri- 
can’s Downey plant will receive an ap- 
propriate trophy. Winners of the sec- 
ond and third places are to receive 
certificates. 


Heat Transfer and Fluid 
Mechanics Institute's 
Fourth Annual Meeting 


The Institute of the Aeronautical 
Sciences is listed among the sponsors of 
the 1951 Heat Transfer and Fluid 
Mechanics Institute, whose Fourth 
Annual Meeting 1s to be held at Stan 
ford University on June 20-22, 1951. 

The 3-day meeting will consist of six 
sessions of three papers each. Due 
consideration will be given to the 
problems in thermal radiation; con 
duction; transfer 
and combustion; ideal compressible 


convection; mass 
and incompressible flow of gases and 
liquids; and the various aspects of 
pipe, channel, and 
flow. 


boundary-layer 


All of the 1S papers to be presented 
will be preprinted in full. Complete 
sets of these preprints will be on sale 
during the meeting. Registration fee 
for the 3 days will be $3.00. How- 
ever, students who present evidence of 
their status will be admitted gratis. 
Further information on details of the 
meeting of the Heat Transfer and Fluid 
Mechanics Institute are available from 


News 


(Conti rom page 7) 
A. L. London 
chanical Engineering, 
versity, Stanford, Calif 

In addition to the I.A.S., the following 
organizations are also sponsoring this 
3-day meeting 


Department of Me 
Stanford Uni- 


California Institute of 


Technology, Stanford University, Uni 
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versity of California, University of 
Santa Clara, University of Souther 
California, and American Society oj 
Mechanical Engineers (including the 
Applied Mechanics Division, Gas Ty 
bine Power Division, Heat Transfer 
Division, and Hydraulics Division) 


News of Members 


> Dr. John C. Cooper (M.), Member, 
Institute for Advanced Study, Prince 
ton, N.J., has been 
tor, Institute 
Law, McGill I 
Canada D1 
spend half of 
but he will take uy 
when the Institut 


appointed Direc 
International Air 
iversitvy of Montreal, 
intends to 
time at Princeton, 
residence at McGill 
ypens this autumn, 


\ ooper 


» James H. Doolittle (H.F.), Vice 
President and Member of Board of 
Directors, Shell Oil Company, was 
named special part-time consultant to 
Staff, U.S. Air Force 
taining to the 


, on matters per 
search and develop 
ment of aircraft 

> I. M. Laddon (F 
Consulting Engineer, Consolidated 
Vultee Aircraft Corporation, has been 
elected Chairman of the Executive 


Director and 


APPOINTED BENDIX PLANT 
MANAGER 


C. V. Johnsor been appointed 
Vanace aka Ind p ant, 
Bendix Prod n, Bendix Aviation 
Corporation nson, who was for 
merly Admi) Engineer and Man 
ager of Land Engineering, first 
came to Bend 1, He made a survey 
of aircratt then in use which 
eventually led s entry into that 
Sue ld. 


Committee, Board of Directors, Con- 
vair. 

p> Edward C. Wells (M.), Vice-Presi- 
dent—Engineering, Boeing Airplane 
Company, has been elected a member 
of Boeing’s Board of Directors 


Members on the Move 


This section has been instituted to give 
information on the latest affiliations of 
I.A.S. members. All members are urged 
to notify the News Editor of changes as 
soon as they occur. 


Franklin C. Albright (M Manager, 
Landing Gear Engineering, Bendix Prod 
ucts Division, Bendix Aviation Corpora- 
tion Formerly, Staff Engineer, Bendix 
Products Division. 

Rex Anger (A.M.), Aviation Safety 
Agent—-Aireraft Factory, Second Region, 
C.A.A. Formerly, Aviation Safety Agent, 
Seventh Region, C.A.A 

Hal T. Baber, Jr. (T.M 
Control Branch, Pilotless Atreralt Re 
search Division, Langley Acronautical 
N.A.C.A., Va Formerly 
rrainee, American Can Company 

Joe Banche (T.M Structures Engi 
neer, Consolidated Vultee <Atreraft Cor 
poration Formerly, Graduate Student, 
University of Illinots 

William B. Bergen (M.), Vice-President 
and Chief Engineer, The Glenn L. Martin 


Stability and 


Laboratory, 


Company Formerly, Chief Engineer, 
Martin 

Donald H. Blose (T.M.), Project Con 
trol Engineer, Aircraft and Guided Mis 
siles Section, Wright-Patterson Air Foret 
Base, Ohio. Formerly, Vibrato and 


Flutter Engineer, Dynamics Branch 
Wright-Patterson A.F.B. 

Private First Class Fred W. Bristol, Jt. 
9330 T.S.U., O.G.M.C., Redstone Arsenal, 
Huntsville, Ala Formerly, [Engineering 
Department, City of Warwick, R.! 

Staff Sergeant Theodore C. Carnavos, 
U.S.A.F., Junior Project Engineer (G-E 
147 engine), Power Plant Laboratory, 
Rotating Engine Branch, Headquarters, 
Air Materiel Command, Wright-Patterson 
Air Force Base, Ohio. Formerly, Student. 

Juney Dillenbeck-Grantham (A.M.), 
Manager, Budgets and Forecasts, Scandi- 
navian Airlines System, Stockholm, Swe 
den. Formerly, Superintendent, Budget 
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THOMPSON EXPANDS ITS SERVICE INTO ELECTRONIC PRODUCTION 


precision built 


coaxial switches 


Model No. 10829 one-pole 
two-throw coaxial switch. 


Model No. 10567 one-pole 
four-throw coaxial switch. 


TYPICAL PERFORMANCE 
Frequency range, 0 to 10,750 Mc./Sec. 
S. W. R., 1.5 maximum 
Insertion loss, .5 decibels or less at 3,000 Mc./Sec. inc 
Cross-talk, 50 decibels minimum at 3,000 Mc./Sec. a 
Characteristic impedance, 50 ohms nominal 
Maximum RF voltage, 500 volts RMS 


Power rating, CW maximum continuous 100 watts 
at 3,000 Mc./Sec. 


HESE SWITCHES are available in several types, including  WR!TE for further tech- 
single pole 2-throw, 3-throw, 4-throw and 6-throw, double —_ reas, 
pole double-throw, and lobing or sensing. Remote actuation is Sy ih pee 
our inquiry will 
available for all. bri 
ring @ prompt 
The Thompson Products Electronics Division has a reply, 
competent staff of engineers, electronic and environmental test 
equipment, model shop facilities, and production facilities ready 
to work with you on your coaxial switch problems. 


ELECTRONICS DIVISION, 2196 CLARKWOOD ROAD, CLEVELAND 3, OHIO 


(hompson Products, Inc. 


MANUFACTURERS OF PRECISION AIRCRAFT PARTS AND ACCESSORIES 


CLEVELAND DETROIT Los ANGELES CATHARINES, ONTARIO 


news 
 Qhompson 
| 
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NAMED TO NEW POST 


W. Thomas Stark (M.) has been appointed 
Executive Vice-President and a Member of 
the Board of Directors, United Aircraft 
Products, Inc. In this capacity he will 
supervise the general operation of the com 
pany. Prior to this move, he was associated 
with Wright Aeronautical Corporation, 
Curtiss-Wright Corporation, for 13 years as 
Project Engineer in Charge of Fuel Metering 
and Ignition, as well as Turbine Control 
and Accessory Development. Mr. Stark is 
a graduate of Rensselaer Polytechnic Insti 
tute. 


and Cost Control, Overseas Division, 
S.A.S. 

LeRoy F. English (M.), Design Engi 
neer, Lockheed Aircraft Corporation 
Formerly with LeRoy F. English Com 
pany, St. Louis. 


NAMED TO NEW POST 

Edwin C. Walton (M.), who has been 
serving as Acting General Manager of The 
Kaman Aircraft Corporation, was named 
te the post of Vice-President and General 
Manager. During his 23-year association 
with aeronautics, Mr. Walton has been with 
Curtiss-Wright Corporation, War Produc 
tion Board, Harriman Mission to London, 
American Airlines, and American Overseas 
Airlines. He is an Associate Fellow of The 
Royal Aeronautical Society. 
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Charles A. Fulton (T.M.), now Liaison 
Engineer, Purchasing Department, Sikor- 
sky Aircraft Division, United Aircraft 
Corporation 

Charles J. Gallant (A.F.), Vice-Presi 
dent and General Manager, Columbus 
Division, North American Aviation, Inc. 
Formerly, Assistant to the President (in 
charge at Columbus since taken over by 
the company last North 
American Aviation 

Theodore R. Gensel (‘T.M.), Flight Test 
Engineer, Chase Aircraft Company, Inc. 
Formerly, Engineering Draftsman “B,” 
Chase Aircraft 

Seymour Gottlieb (M.), Contract Ad 
ministrator, Helicopter Division, Bell Air- 
craft Corporation Formerly, Head, 
Flight Research, Naval Air Experimental 
Station, Philadelphi 

Vernon K. Gunkel (M.), 
chanical Engineering Section—GS12, In 
dustrial Group, Engineering Branch, Ord 
nance Guided Missile Center, Redstone 
Arsenal, Ala Formerly, Associate Pro 
fessor of Engineering, Alabama Polytech 
nic Institute 

Charles L. Hall (A.F.), Technical Repre 
sentative in Charge of Dayton (Ohio 
Office, Bell Aireraft Corporation. For 
merly, Chief Project Engineer, Fighter 
Branch, Engineering Division, Air Ma 
teriel Command, Wright-Patterson Air 
Force Base, Ohio 

Private Robert J. Harris, U.S.A. (T.M 
now Aeronautical Engineer, 9301 Training 
Service Unit, Ballistics Research Labora 
tories, Aberdeen Proving Ground, Md. 

Herbert E. Jacques (T.M.), Production 
Engineer, Aircraft Engine Division, Ford 
Motor Company 
Representative, 


December ), 


Chief, Me 


Formerly, Service 
Ford, 

Chester Keasling (M.), Sales Engineer, 
Pacific Division, Bendix Aviation Cor 
poration. Formerly with Vanoni-Keas 
ling Aircraft Company 

Gustav Kuerti (M 
Laboratory, Whit 
Md. Formerly, Ass 
vard University 


Alfred Lehrer (T.M Stress Analyst, 
Lockheed Aircraft Corporation. Formerly, 
Aeronautical Research Scientist, Struc 
tures Division, Langley Aeronautical 
Laboratory, N.A.C.A., Va. 

John W. Miles (M Auckland Uni 
versity College, Auckland, New Zealand 
Formerly, Associate Professor of Engineer 
ing, University of California at Los 
Angeles. 

Eric Olsen (M.) Head, Special Projects, 
McClellan Air Force Base, Calif. For 
merly, Engineering Photographer. 

Courtland D. Perkins (M.), Chairman, 
Department of Aeronautical Engineering, 
Princeton Formerly, Pro 
fessor, Department of Engineering, Prince 
ton. 

James R. Polski (T.M.), Graduate 
Student, Northwestern University. 
Formerly, Flight Test Engineer, Flight 
Test Planning Engineering Department, 
Chance Vought Aircraft Division, United 
Aircraft Corporation 


Naval Ordnance 
Oak, Silver Spring, 
istant Professor, Har 


University 


Donald K. Robertson (M.), Group Engi- 
neer—Vibration Analysis, The Glenn L. 
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NEW POSITION AT MARQUARDT 
Robert K Wead (M.) has now bee 
associated with Marquardt Aircraft Con 
pany as Assistant to the Chief Power Plan 
Engineer. Formerly with Consolidated 
Vultee Aircraft Corporation since 1943, hy 
has been on the engineering staff the 
Miami, Fort Worth, Nashville, Vultee Field. 
and San Diego divisions. From 1945 on, 
he was working with the Bumblebee Pr 
and was Convair’s member on the Bumb 
Propulsion Panel. At the time of | 
resignation, he was Program Coordinator 
for Ramjet Development 


Martin Company Formerly, Senior 
Vibration Analysis Engineer, Martin 

Thomas L. Schepke (T.M.), Acrona 
cal Engineer, Airplane Structures Branch, 
Engineering Division, Air Materiel Com 
mand, Wright-Patterson Air Force Base, 
Ohio. Formerly, Student 


NEW APPOINTMENT 

Robert H. Wendt (A.F.), Vice-President, 
Globe Corporation's Aircraft D n, wa 
recently appointed General \lanager 
charge of the Globe plants in a 
Williams Bay, Wis., and Oxnard, Ca 
Vr. Wendt, who succeeds Russell E. Gag 
to this position, was formerly Vice-Preside 
of Engineering of the Aircraft D , 
Globe 
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SSE 


diversified experience 
in electronics 


@ Contracts with U.S. and foreign governments 
for electronic work are nothing new at Air 
Associates! For many years, our Electronic 
Division has been developing and manufac- 
turing LF, VHF and UHF communication and 
navigation systems, landing systems, firing error 
indicator systems, echo ranging systems (includ- 
ing sonar) and special miniaturized electronic 
devices. Our wide experience and expanded 
facilities for airborne, marine and ground elec- 
tronics equipment are available to help solve 
your design and production problems. Your in- 


quiry to Teterboro will receive prompt attention. 


INCORPORATED 
TETERBORO, NEW JERSEY 


"SERVING THE NATION IN AVIATION 
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Captain E. A. Senkbeil, U.S.A.F. 
(T.M.), 348rd S. R. Sqdn., A.P.O. 845, 
c/o Postmaster, New York City. For 
merly, Lieutenant, Barksdale Air Force 
Base, Ala 

Alvin C. Smith (M.), Aeronautical Re 
search Engineer, Development Division, 
Cornell Aeronautical Laboratory, Ine 
Formerly, Technical Power-Plant Unit 
Head, Airplane Division, Curtiss-Wright 
Corporation 

Floyd E. Snow (M.), General Manager, 
Aero-Cal Engineers, Inc. Formerly, Chief 
Engineer, Coast Paint and Chemical Com 
pany. 

Robert E. Span (M.), Manager, Ana 
lytical Section, Westinghouse Electric 
Corporation Formerly, Development 
Engineer and Group Leader, Westing 
house 

Ellis R. Spaulding (M.), Branch Head 
in Charge of Hangar and Instrumenta 
tion, Flight Research Department, Cornell 
Aeronautical Laboratory, Inc. Formerly 
Staff Engineer, Revere Corporation of 
America 
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W. F. Spurr (M.), Assistant Director, 
Research and Development Branch, Head 


quarters, British Ministry of Supply 
Formerly, Chairman, Aircraft Branch, 
Technical Service British Joint Services 
Mission, Washington, D.C. 


G. F. Towner (M.), Manager, Turret 
Systems Section, Westinghouse Electric 
Formerly, Supervisory 
Engineer, Special Products Development 
Division, Westinghouse 


Corporation 


J. Parker Van Zandt (I*.), now Deputy 
Assistant Secretary of the Air Force, De 
partment of the Air Force, Department of 
Defense, Washington, D.C 


Saul Wasserman (T.M.), Aeronautical 
Engineer GS-7, Naval Ordnance Labora 
tory, Md. Formerly, Aeronautical Engi 


neer GS-5, N.A.C.A., Langley Air Force 


Base, Va 

Allen O. Whipple, Jr. (A.M.), Vice 
President & General Manager, The Ivy 
Corporation. Formerly with Marquardt 
Aircraft Company 


Corporate Member News 


Aeroproducts Division, General Mo- 
tors Corporation . The erection of the 
steel structure for the recently announced 
plant expansion program will begin about 
June 15; completion is planned by Sep 
tember | 

@ Aeroquip Corporation All the out 
standing stock of Metalco, Inc., has been 
purchased by Aeroquip This newly 
acquired company will continue as a 
wholly owned subsidiary of Aeroquip 

e@ Aircraft Gas Turbine Division, General 
Electric Company The Packard Motor 
Car Company has been selected to build 
the J-47 turbojet engine According to an 
announcement, 14 months would be re 
quired for tooling, with an additional 10 
months passing before peak production 
would be reached L. T. Callahan was 
recently appointed Manager of Operations 
of this Division. In that capacity he is 
responsible for coordinating all divisional 
activities at Lynn and Everett, Mass 

@ Allison Division, General Motors Cor- 
poration The J385-A-23 jet engine is 
scheduled to go into production under the 
terms of a U.S.A.F. contract. This pat 
ticular turbojet engine has a thrust rating 
said to be substantially higher than any 
jet heretofore produced and, in addition, 
offers a reduction in specific fuel consump 
tion. The T40 series of turboprop engines 
is slated for production sometime in 1951; 
production facilities are now being estab 
lished in Indianapolis. 

e American Airlines System Three 
additional DC-6B four-engined transports 
have been ordered from Douglas Aircraft 
Company, Inc. This order raises to 17 
the total number of the larger faster 
models of the 52-passenger DC-6 to be 
purchased by American. All 17 are 
scheduled to be delivered this year at a 
cost of about $19,000,000 


@ Bell Aircraft Corporation .. . All ad 
ministrative, engineering, contractual, 
parts, and related 
functions of the Helicopter Division have 
been consolidated in a two-floor office 
building, containing 38,000 sq.ft., at Ken 
more, N.Y. | ther arrangements are 
made, all helicopt 


sales, service 


production and testing 
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ity adjacent to the Niagara Falls airport 
Of the 152,000 sq.ft. of the former 
Globe Aircraft facility at Fort Worth 
Bell took possession of 130,000 sq-ft, last 
February 22. Bell has its eye on the re. 
maining 22,000 sq.ft., as well as other 
property in the immediate area. The 
Globe facility will be used as a jet-engine 
nacelle build-up shop for the B-36 and 
B-47 bombers . . . A new research plane, 
designated the X-5, is said to be under de. 
velopment at Bell. According to reports, 
the X-5 is a high-speed, jet-propelled ship 
that features wings with a variable sweep- 
back angle. 
® Boeing Airplane Company The Air 
Force has authorized the production of the 
eight-jet swept-wing B-52 heavy bomber, 
Two experimental models are now under 
construction in Seattle. The first of these 
XN B-52’s is expected to fly sometime this 
year A portable, self-attaching, air. 
motor-driven device for countersinking 
holes in heavy-gage sheet metal is said to 
reduce by 80 per cent the time ordinarily 
required for this type of work and to cut 
man-hour costs by 90 per cent. Developed 
at Boeing primarily for the B-47 produc- 
tion program, this new auto-sink tool is 
apparently able to countersink a !/»-in 
hole in 75ST aluminum alloy in 30 to 40 
see. Application has been made for a 
patent on the tool; meanwhile, a contract 
has been signed with Buckeye Tools Cor- 
poration for their exclusive license to 
manufacture and sell the device The 
first transport in a new series of Strato- 
freighters, the C-97C, was delivered to the 
U.S. Air Force on February 27 All late- 
type B-50’s now have as standard equip- 
ment aerial-refueling facilities for receiving 
fuel in the air from tankers using the 
Boeing-developed 


“Flying Boom’’-type 


work will continue at Bell’s principal facil system. Earlier B-50's utilize the older 
ANTISUBMARINE HELICOPTER 

A small scale the Navy's X HSL-1, the first helicopter designed specifically for ar 
submarine shown above. Manufactured by Bell Aircraft Corporation, this tand 


rotored RS 
Sigurations 
particularly t) 
aft rotors are 
buried insta 


trans portabu 


Bell's first departure from its familiar single-rotored helicopter con 
, basic Bell rotor-system principles are incorporated in the NX HSL-] 
wo-bladed rotors and patented automatic stabilizing device. The fore and 

nnected, and power ts supplied by a Pratt & Whitney R-2S00 engine, 0 

photograph of the model de picts how the rotors can be folded 
1 aircraft carrier or other type ship 
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‘All late we can create it...mass produce it... WITH STAMPINGS! 


1 equip 


Perhaps your product requires a 
carefully-engineered motion device to 
enhance its safety ...performance... 
salability. 

We produce such devices to very 
close tolerances with STAMPINGS... 
and by modern mass production and 
assembly techniques, we can keep the 
cost unusually low. 

That’s why you'll find Standard 


locks and latches on many of the new 
model cars. It’s a reason why you 
may want to investigate our facilities 
further. Why not send for our new 
booklet ‘‘We Make 
Motions”? — which 
explains in more de- 
tail how we can help 
solve your ‘‘mo- Bs. 
tions” problem. > ‘q 


“MOTIONS 


THE MARK OF A 


SUPERIOR PRODUCT DEPT.F, GENERAL OFFICES: 2130 WEST 110 STREET + CLEVELAND 2, OHIO 
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FUSELAGE LENGTHENED 16” 
im THIS AREA TO INCREASE 


EXTERNAL DOOR ADDED FOR 
DIRECT ACCESS TO UPPER 
CARGO COMPARTMENT 


PASSENGER COmP'T 
INCREASED Hi 

TOTAL 44 PASSENGERS 
OR ADDITIONAL CARGO 


ERE 38 


INCREASE DUE 
TO LONGER 
MLG STRUT 
AND LARGER 
TIRE 


1 Pw R2800-CB-16 ENGINE 
AND ALUMINUM ALLOY 
PROPELLERS 


29 MLG TIRES 11.00% 16.00 
39 TIRES 7.502 14.00 


ENTRANCE STAIRWAY 
240 RIGHT SIDE 
340 LEFT SIDE 


FUEL TANK 
340 * 850 U.S. GALS 
(TOTAL TWO 1700) 
240 500 U.S. GALS 

(TOTAL TWO 1000) | 


i LENGTHEN 


WING AREA 920 SQ FT 


WING AREA 817 SQ FT 


COMPARISON MODELS 240 AND 340 
CONVAIR LINER 


CONVAIR-LINER 340 SUPERSEDES THE 240 


Consolidated Vultee Aircraft Corporation's new Convair-Liner 349 


of the earlier Model 240. 


type of engine is commercially available 


“hose and reel’’ system. The tanker air 
craft designed to refuel the B-50’s on long 
range missions are modified B-29 Super 
fortresses designated KB-29P’s by the 
U.S.A.F. 

© Consolidated Vultee Aircraft Corpora- 
tion... An integrated production plant for 
supersonic guided missiles was activated 
on March | as a new Convair division. 
The Missile Division, which began opera 
tions immediately, is currently occupying 
200,000 sq.ft. of floor space. This unit is 
completely self-contained, with its own 
machine and other shops, industrial rela- 
tions section, engineering department, and 
assembly facilities. The first production 
project involves a supersonic antiaircraft 
missile for the Navy’s Bureau of Ordnance. 
Douglas Aircraft Company, Inc. ... A 
new slide rule, tagged the ‘‘Sky Rule,” has 
been developed at Douglas and will permit 
quick and easy computation of aircraft 
performance data. The Sky Rule has, in 
addition to the conventional ‘‘C,”’ ‘“D,” 
and ‘‘A”’ scales, 20 others peculiar to avia- 
tion. Scale markings are theoretically 


hased on the design 


The 340 will be powered initially with two 2,400-hp. Pratt & Whit 
ney reciprocating engines; however, provisions are being made in the 
modate turboprop engines, with the minimum of modification and 
Production of the new n 


design to accom 
pense, as soon as this 
began last January. 


accurate to 0.00} inl According to 
claims, this slide rule makes it possible to 
determine at a glance the Mach Number, 
true air speed, ind 
altitude, temperatur 
other aeronauti 


ited air speed, density 

rise, and numerous 
functions Perform 
ted in either miles per 
Douglas has granted the 
manufacturing and sales rights to Pickett 
& Eckel, Inc., Chicago The Structural 
Test Laboratory, El Segundo Plant, Doug 
las, has been expanded into a new building 
that was especially 


ance may be evalu 
hour or knots 


built for testing mod 


ern high-speed carrier-based aircraft 
This structure, 100 by 120 ft., will have a 
40-ft. vertical clearance inside, thus per 
mitting the drop-testing of even the largest 


carrier planes now contemplated. 


@ Fairchild Aircraft Division, Fairchild 
Engine and Airplane Corporation . . . The 
first of a series of 2-week training courses 
was completed at Fairchild early in March 
by a supervisory group from Kaiser 
Frazer Corporation. This training pro 
gram is designed to acquaint Kaiser-Frazer 
personnel with all activities surrounding 
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the manufacture of the Fairchild C119 
Packets and is being sponsored by the Air. 
craft Division under the assistance agree. 
ment between the two companies Super 
visors from the Aircraft Division are cop. 
ducting the courses 


@ Fairchild Guided Missiles Division, 
Fairchild Engine and Airplane Corpora. 
tion .. . New facilities are under constrye 
tion on a 32-acre site at Wyandanch, L.] 
N.Y. The first unit to be built js 
155,000-sq.ft., one-story plant The 
Guided Missiles Division, which js cur 
rently located at Farmingdale, L.I., will 
move into the new plant as soon as sections 
are completed; full operation at the new 
location is expected by September |] 


e@ General Electric Company A testing 
system that can duplicate the complet 
electrical system of an airplane at speeds 
and loads equivalent to actual flight opera 
tion is currently in operation at Schenec 
tady. Capable of testing normal loads, as 
well as short circuits and overvoltages, the 
test stands determine whether generators, 
distribution circuits, and control systems 
can operate satisfactorily under all gener 
ator speeds. The stands also test for over 
loads, conditions of reduced generation 
capacity, and any abnormal conditions 
such as failures or faults. These stands 
are currently being used for the develop- 
ment of the 28-volt d.c. systems for com 
mercial and military aircraft, as well as 
the 400-cycle a.c. and 120-volt d.c. control 
systems 


@ The Goodyear Tire and Rubber Con- 
pany A participating fellowship for 
study of the two-dimensional stress-strain 
properties of airship mechanical 
goods-type fabrics has been established at 
the Textile Research Institute, Princeton, 
N.J. The donation amounts to $5,000 per 
year for a 2-year period. 


@ Walter Kidde & Company, Inc. A 
new self-contained fire-fighting crash 
truck, called the ‘‘Kidde Fire Destroyer,” 
has been designed for airport fire emer 
gencies and for municipal fire departments 
with particular emphasis on civil defenst 
fire-fighting problems. The truck has 
built-in systems that deliver water, foam, 
fog, and carbon dioxide; it can dispense 2 
tons of combined extinguishing agents per 
minute. Classified as a Class A municipal 
pumper, the Fire Destroyer has a heavy- 
duty chassis and is powered with a 162-hp 
motor, which permits speeds up to 50 
m.p.h 


© Lockheed Aircraft Corporation . . . The 
fabrication and assembly of major com- 
ponents of the Lockheed T-33 jet trainer 
and F-94 all-weather fighter has been sub- 
contracted to Rheem Manufacturing 
Company’s Aircraft Division. The sub- 
assemblies to be manufactured by Rheem 
include complete nose sections of the F-94 
and the T-33. The work will be under the 
direction of Laurance H Cooper, 
A.M.I.A.S. 


e The Glenn L. Martin Company - 

Present plans call for the production of the 
British Canberra light jet bomber in this 
country at Martin under license from the 
English Electric Company, Ltd., Rugby, 
England. A model of this night intruder 
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First to harness 
dynamic turboprop 
power ! 


feroprop 


A new day has dawned 
in the history of flight— 
the day of turboprop power! 


For the dynamic combination 

of turboprop engines and Aeroprops 
opens up a great and new era 

when cargo ships, bombers and fighters 
will fly at near- or super-sonic speeds. 


And they'll fly with range and performance 
that until now have been only a dream— 
a dream brought to life 

on the drawing boards 

of the men at Aeroproducts. 


AEROPRODUCTS DIVISION 
GENERAL MOTORS CORPORATION 
DAYTON, OHIO 


GENERAL 
MOTORS 
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Aeroproducts Propeller installed on Allison T-40 Turboprop 


Aeroproducts, working in close contact with the 
Navy and Air Force, has pioneered propeller 
design for turboprop power... has, by its research 
and never-ending experimental work, blazed the 
trail of propeller driven supersonic speed for all 
others to follow. 


December, 1945—a dramatic 
milestone in the development of 
turboprop power! For it was then 
that the Convair F-81 was flown, 
first Air Force fighter using turbo- 
prop power. And from these tests 
came knowledge for the develop- 
ment of Aeroprops for new planes 
that utilize the full power, the 
enormous thrust of the turboprop 
engine and Aeroprop combination 
—and set wonderful new stand- 
ards of aircraft performance. 


eropro ducts 
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TAILLESS NAVY JET FIGHTER 


The X F4D-1, designed and built by the El Segundo Division, D 
Inc., was successfully flown for the first time on January 23 at l 
This jet interceptor was designed for catapult take-off fron 


Calif 
to the upper atmosphere 


version of the twin-jet high-speed aircraft 
was flown to Martin for a detailed study to 
speed up preproduction planning. The 
Canberra (R.A.F. designation B.2), now 
being built in the United Kingdom for the 
Royal Air Force, is powered by two Rolls 
Royce Avon engines, each of which de 
livers over 6,000 Ibs. of thrust Eastern 
Air Lines’ latest order for an additional 25 
of the Martin 4-0-4 air liner brings to 60 
the total number of this type ship ordered 
by Eastern since March, 1950 
on the initial order 
within the 


Deliveries 
are expected to start 
months; the recent 
order of 25 is scheduled to begin delivery 
in April of next year and cover a 4-month 
period 


next few 


his latest purchase brings the 
number of 4-0-4’'s on order at Martin to an 
even 100, including the 40 ordered by 
Trans World Airlines in the spring of 1950 


@ Meletron Corporation Thomson 
Engineering Service, Fort Worth, has been 
appointed distributor for Meletron’s pres 
sure-actuated switches and related prod 
ucts 


@ Minneapolis-Honeywell Regulator 
Company Automatic pilots, electronic 
fuel-gage systems, and gyroscopes will be 
turned out by the $1,500,000) aero 
plant now under construction, This build 
ing is the third to be provided for expand 
ing aeronautical operations within the last 
years 


new 


The engineering personnel 
and departmental facilities of the Valve 
Division have been expanded by 400 pet 


cent, according to an announcement last 
February 
@ North American Aviation, Inc. Ex 


panding activities have led to the leasing 
of over 273,000 sq.ft. of additional space in 
six outside facilities. This space will be 
utilized for manufacturing, engineering, 
flight test, and other activities The 


lircraft Company, 
urds Air Force Base, 
riers and rapid climb 


Klectro-Mechanical Di 
the design, develop 


recently created 
vision is engaged 
ment, and manufacture of electronic equip 
ment and complete guidance control sys 
tems for missiles and aircraft produced at 


North American and other companies 


e@ Northrop Aircraft, Inc... . ‘Iron Ike,” 
a completely authentic mock-up of the 
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hydraulic systems used in the F 89's, has 
been credited with saving many months 
and man-hours in the developmental 
process of the F-89’s full-power contro} 
system, Its construction on a structural 
steel network gives “Iron [ke’’ that name 
With the test stand, engineers are able to 
reproduce the action of control surfaces 
under varying flight conditions, “Jpop 
Ike” has a control cockpit similar to that 
of an airplane and is fully instrumented 
for simultaneous recording of pressures 
control positions, control timing, and fluid 
temperatures 


@ Pan American World Airways, Inc. 

Special Sleeperette seating equipment for 
the 18 DC-6B-type clippers ordered from 
Douglas Aircraft Company, Ine., has been 
purchased. The seats, each stressed for 
Gg, were designed to P.A.A. engineering 
specifications by The Thermix Corpora- 
tion and are to be manufactured by Aero- 
therm Corporation. The installation of 
these seats on tracks will make it possible 
to convert the seating capacity of the 
DC-6B’s in a few hours for deluxe Sleeper. 
ette, standard, or low-cost tourist flights 


@ Piasecki Helicopter Corporation ... An 
extension to the Morton plant is nearing 
completion and, when finished, will add 
approxtmately 200,000 sq.ft. of floor space 
to the original area. This, plus leased 
areas, will give Piasecki well over 500,000 
sq.ft. of space by the end of 1951 


@ Republic Aviation Corporation The 
Sapphire turbojet engine, which develops 
7,200 Ibs. of thrust, will be installed in the 
production models of the Republic F-84F 
Thunderjet. The American version of the 
Sapphire is to be manufactured by the 


(Continued on page 76 
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male SYLPHON STAINLESS STEEL BELLOWS ASSEMBLIES 


a YOU USE stainless steel bellows 
assemblies, in thermostatic devices, pressure 
controls, hydraulic mechanisms, valves, etc.—you 
un make savings when we make them for you. 


Tick them off! No production problems for 
you. We take over the complete job. No question 
about accuracy. We make them to your exact 
specifications. They’re built by skilled personnel 
~backed by half-a-century of experience in this 
specialized field. 


More savings for you. We have the facilities 


and the special equipment that means produc- 
tion for you on schedule—in any volume. 


You may need a stainless steel (or other metal) 
assembly that is similar to one we have already 
produced. Or you may need a special type. What- 
ever you require, our technical staff will work 
with you on design and development—see that 
you get exactly what you need. 

Find out how you can save in many ways. 
Write for information. And ask for that gold 
mine of ideas—Catalog JR-1200. 


TEMPERATURE CONTROLS 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 


ces 


BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 
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BIU/HR 100,000 200,000 


MODEL 929 
700,000 BTU/HR 


940 SERIES 


200,000 BTU/HR Boeing B-47, B-50,C-97 


921 SERIES 


North A i P. ,* 
200,000 BTU/HR or merican P-82 =o 


930 SERIES 
100,000 BTU/HR 


906 SERIES 


50,000 BTU/HR North American 


960 SERIES 


25,000 BIU/HR North American P-8 


970 SERIES 
20,000 BTU/HR 


SOUTH WIND offers a complete line of combustion-type 
heaters and exhaust-gas heat exchangers, especially de- 
signed for simplified installation and minimum mainte- 
nance. These lightweight South Wind units already assure 
maximum heat, long-life performance and utmost safety 
to thousands of the nation’s leading aircraft. 
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300,000 


400,000 


377 “Stratocruiser”’ 


Boeing B-50; Beech 51; Grumman UF 
Lockheed P2V; Martin 202, P4M, P5M; 


Consolidated PBY; Grumman TBF; Martin PBM, P5M; 


B-25, PBJ; Bell H 12, * 


Boeing B-29, B-50; Douglas ADQ; Grumman F6F; 


2, * 


Beech 50; Bell H-13; Cessna 170, 190; Ryan ‘‘Navion”; 
Sikorsky HO3S—Power Pack Preheating 


*New application not released from military censorship 


SOUTH WIND provides expert engineering assist- 
ance, complete testing facilities and specialized 
production techniques to help solve your most 
challenging aircraft heating problem. Our expe- 
rienced field engineers serving your locality can 
consult with you today. 
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BTU/HR 100,000 200,000 


MODEL 68077-AA 
800,000 BTU/HR 


MODEL 68141 
450,000 BTU/HR 


MODEL 923 
380,000 BTU/HR 


MODEL 918 
345,000 BIU/HR 


MODEL 910 
240,000 BTU/HR 


MODEL 912 ~—_ Consolidated PB4Y, B-24 ye 
160,000 BTU/HR 


write ropay for specific model information or 
experienced counsel on any phase of aircraft heating. 
Address inquiries to the South Wind Division, 
Stewart-Warner Corporation, 
Indianapolis 7, Indiana. 


STEWART 
WARNER 


Curtiss-Wright P-87 


300,000 400,000 


Northrop B-35 


Wind 


& PAT. OFF. 


AIRCRAFT HEATING 
AND THERMAL 


ANTI-ICING EQUIPMENT 
INERT GAS GENERATORS 


Vind 
* 
onsolidated B-36 Ww | 
Consolidated B-36 NY, . 
st 
— 


AERONAUTICAL 


Imperial 


TRACING CLOTH 


@ The renown of Imperial as the finest 
in Tracing Cloth goes back well over 
half a century. Draftsmen al! over the 
world prefer it for the uniformity of its 
high transparency and ink-taking sur- 
face and the superb quality of its cloth 
foundation. 

Imperial takes erasures readily, 
without damage. It gives sharp con- 
trasting prints of even the finest lines. 
Drawings made on Imperial over fifty 
years ago are still as good as ever, 
neither brittle nor opaque. 

If you like a duller surface, for 
clear, hard pencil lines, try Imperial 
Pencil Tracing Cloth. It is good for ink 
as well. 


Imperial 
4, TRACING 


RY 


use, Is a 


| GO-cycle, two-phase 


| stantial saving to Car 
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(Continued page 72) 


Curtiss-Wright Corporation under license 


| agreement with British designers, Arm 
strong Siddeley Motor Ltd 


No delivery 
date for the first production units has been 


announced 


Servomechanisms, Inc. 
Amplifier, now in produ 


Phe SA-208 
tion for industrial 
plug unit contaming 
the electronic circuits for the control of a 
rvomotor of a 5-watt 
(Dichl FPE 
25-11 or equivalent Che SA-208 meas 
ures Only 5 in. in wi 
by in. in height 


mechanical powc! rt tput 


th by Sin. in length 
weighs only 5! 


Ibs 

@ Solar Aircraft Company A 60-acr 
tract located neat Des Monn 

(lowa) plant hha purchased, When 
the construction of new S00,000-sq.ft 
plant ts completed on this acreage and the 


facilities at the go plant are 
expanded per cheat will have a 


total plant area of 1,100,000 sq.ft 


@ Stratos Division, Fairchild Engine and 
Airplane Corporation Phe C.A.A. ha 
approved a 2,000.1 ervice period for 
the Stratos Moc cabin super 
chargers tustalled i American World 
Airways’ Constell 


@ United Air Lines, Inc Phe first of 
20 DC-6B's on or from Douglas Air 
craft Company, | vas delivered on 
March 2 to United This air liner will 
carry OS passenger crew of five, and 
6,000 Ibs. of cargo A contract has been 
signed with Consolid 1 Vultee Aircraft 
Corporation for th rehase of 80° new 
type Convair-Liners, Model 340 (see pic 
ture, page 70 It id that the new 
fleet will cost abo : 00,000 and that 


first deliveries are ¢ ide early in 1952 


© Westinghouse Electric Corporation 
Phe headquarter ind engineering 
laboratories of th Electronic Tube 
Division will be lox 1a LOO-aecre tract 
t miles northwest of | ira, N.Y. Com 
pletion of construc vork ts scheduled 


for the early part of fall 


e@ Wright Aeronautical Corporation, Cur- 
tiss-Wright Corporation 
version of the 


Che American 
to be installed 


in the productior els of Republic 
Aviation Corporat according 
to a recent annou rhe Sapphire, 
produced here und long-term engi 
neering and producti igreement with 
Armstrong Siddeley Motors, Ltd., of Eng 


land, carries the U.S.A.F. designation, 
J-65. It is also know is the Wright 
Typhoon J-65 ivery date for the 
first production units of the Sapphire 


powered F-S84F ha nnounced 


e Young Radiator Company 
selected types of he 


Certain 
usfer products are 


now being manufact lin Canada under 


special license arrangements granted 
James B. Carter, Ltd., tt was announced, 
Carter has been given manufacturing 


privileges to certain of the Young designs 
and engineering specifications and will pro 
duce heat-transfer units exclusively for the 
Canadian market, thus providing a sub 
customers in 
transport costs, et 
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| INDUSTRIAL SOUND CONTRO 


Zutets Noise... 
OF 

JET AND RECIPROCATING 

ENGINE TEST CELLS 


PUT AN END TO... 
ANNOYANCE, COMPLAINTS, 
THREATS OF LEGAL ACTION 


A] 


Industrial Sound Control 
Jet Arjircraft Mufflers 
And Panels cut the roar 
of jets to the level of 


neighborhood noises. 


ISC MUFFLERS ELIMINATE 


EXCESSIVE WATER CONSUMPTION 


ISC engineering can quiet your aviation 
in the test- 
ISC installations 


are proving their effectiveness in aircraft 


manufacturing operations . . . 


cell . . . on the airstrip. 


engine and plane plants everywhere! 


Write, wire, or phone for further information. 


ndusl Sound ont. 


45 GRANBY STREET 
HARTFORD, CONN. 


2119 SEPULVEDA BLVD. LOS ANGELES, CALIF 
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NOW YOU CAN USE 


A Flame- 
Resistant 
Thermoplastic , 


Makes new 


The great and new 
advance in plastics 


designs possible 


With flame-resistant U. S. Royalite, many difficult 
problems of design and construction in the Aircraft 
Industry can be solved. Royalite is: 


* Flame-resistant or standard 

* Highly resistant to impact, non-splintering 

* Lightweight 

*x Noiseless (no rattling or banging) 

* Not affected by oils, most acids, alkalies A blow torch that develops tre- After being subjected to this 

* Waterproof, stainproof mendous heat is directed on a intense heat, flame-resistant 
wee - square of flame-resistant U. S. U. S. Royalite has not sustained 

* Non-warping, non-corrosive Royalite. 

* Available in different colors 


U.S. Royalite can be punched, sewed, sanded, cemented, 
polished, sheared, drilled or sawed. Royalite can be 
formed into simple or complex shapes and is produced 
in almost any color, in a smooth or grained finish. 
The engineering staff of the United States Rubber 
Company will gladly work with you or advise you on 


any specific application of Royalite you may suggest. STANDARD @ OR FLAME RESISTANT 
Write Today. 


@ UNITED STATES RUBBER COMPANY 


2638 NORTH PULASKI ROAD «+ CHICAGO 39, ILLINOIS 
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Meet Your Section Chairmen 


William R. Hawthorne 


Boston Section 


William Rede Hawthorne made his 
first professional appearance in the 
aeronautical sciences shortly after the 
outbreak of World 
War II while he 


was associated 
with the Royal 
Aircraft Estab 
lishment. Prior 


to this time, he 
had been = em 
ployed by a Scott 
tish firm of boiler 
makers, Babcock & Wilcox, first as a 
student engineer and later as an engineer 
and divisional head. In this last capac- 
ity, he was in charge of the develop 
ment of forced-circulation boilers. 

During his connection with the Royal 
Aircraft Establishment from 1940 to 
1944, Mr. Hawthorne experienced two 
of today’s outstanding memories. The 
first was the occasion of the initial flight 
in 1941 of the E28/39, the first British 
experimental turbojet aircraft. The 
other was investigating the German 
buzz-bomb both before and immedi 
ately after its appearance over Eng- 
land. His work at the Establishment 
was intimately concerned with the re- 
search and development of gas-turbine 
aero-engines. In the early phases of 
the war, he was sent to work with Sir 
Frank Whittle on the combustion prob- 
lems of the turbojet engine and its de- 
velopment. 

In 1945, Mr. Hawthorne became as 
sociated with the British Air Com- 
mission in Washington, D.C., in a 
technical liaison position in which he 
was concerned with jet-propulsion de- 
velopment. He left this in 1945 to be 
come Deputy Director in the Ministry of 
Supply and was placed in charge of air- 
craft-engine research. The following 
year, he accepted an associate professor- 
ship at the Massachusetts Institute of 
Technology. Two years later, he was 
made a full professor, and he currently 
occupies the chair of the George West- 
inghouse Professor of Mechanical Engi- 
neering. In addition to his teaching 
the usual courses in thermodynamics, 
etc., he also conducts research in fluid 
flow. 

William Hawthorne was born on 
May 22, 1913, in Newcastle-on-Tyne, 


England, and attended England's Trin 
ity College, from which he was gradu 
ated in 1934 with a B.A. degree. From 
1934 to 1937, he took postgraduate 
work at M.1.T., and in 1939 he received 
his D.Sc. degree from this college. 

Mr. Hawthorne has had many papers 
published in various scientific journals, 
such as the Jo if the Institute of 
Fuels, Journal of Applied Mechanics, 
and the JOURNAL OF THE AERONAUTICAL 
SCIENCES. 

He now lives in Belmont, Mass., with 
his wife, his vear-old son, and his 
two daughters Sailing, 
fishing, and hiking are his forms of 
relaxation, 


ages 5 and 2. 


George F. Towner 
Pittsburgh Section 


George Ford Towner was graduated 
from Clarkson College of Technology 
with a B.S. degree in Mechanical Engi 
neering in 1933, 
right in the middle 
of the depression 
employment  dif- 
ficulties. Openings 
for a newly gradu- 
ated engineer were 

obviously at a 

f premium, but sup- 

pose Mr. Towner 

tells the story in his own words. ‘‘After 
4 depression vears of selling brushes and 
playing the bull fiddle in Northern 
New York pubs, I finally landed a job 
in September, 1937, with Kellett Auto- 
giro in Philadelphia. I worked on the 
YG-1B’s, made a preliminary design 
on a one-man ‘flying motorcycle,’ and 
engineered a crop-duster conversion of a 
Pitcairn ‘giro for the Department of 
Agriculture. Moved over to Hall 
Aluminum at Bristol in the old Key- 
stone plant in November, 1938, and 
worked on the PH where I broke 
into armament work) until September, 
1939, when I went with Martin in 
Baltimore. Started in the B-26 arma- 
ment group, worked on bomb bays and 
gun mounts, and laid out the deck tur- 
ret. Made Armament Group Engineer 
in November, 1940, and transferred to 
the newly organized Turret Group on 
its formation in 1941. Grew with the 
group through Assistant Project Engi- 
neer, Design Engineer, to Assistant 


Chief of Design Section. Quit in 


August, 1948, to go on my own, couldn't 
swing it financially, and landed with 
Westinghouse.” 

Mr. Towner is now Manager of the 
Turret Systems Section, Special Prod 
ucts Development Division, Westing 
house Electric Corporation this 
regard he says: “In spite of the awk 
ward title, my duties would be described 
as a Project Engineer in an aircraft com 
pany. I initiate and supervise develop 
ment and production design on all 
turret systems we have under contract 
and try to meet schedules. I also act 
as an ex-officio mechanical consultant 
to the Division. My major job is to 
correlate, the activities of a group of 
radar, servo, and turret specialists to 
arrive at an integrated design.” 

How come George Towner chose 
aeronautics rather than some other 
branch of engineering? ‘‘In 
school,’ he writes, 
aeronautical engineering as a_ pro- 
fession—probably because of the fascin 
ation left over from my model-making 
days. During the depression, the first 
engineering job offered me was in air 
craft, and I have stuck to it.” 

In speaking of what might be con 
sidered the most interesting episode of 
his career, Mr. Towner relates The 
most gratifying incident was when, 
after designing the B-26 turret (never 


having seen one before), we put it in an 
airplane and took it out to Eglin Field 
for air test firing. It worked! So we 
built 55,000 before the war was overt 

Mr. Towner was born in Saranac 
Lake, N.Y., on March 28, 1911. He 
attended the local public school system 
through high school and then went on 
to Clarkson. He has taken graduate 
work (without credit) in aeronautical 
engineering, electronics, plastics, and 
industrial management. He has had 2 
hours of dual instruction on a J-3 Cub 
airplane. 

There have been two patents issued 
to Mr. Towner sofar. The first of these 
covers a bomb-control unit; the second 
is for an aircraft machine-gun turret 
Various other patents for which h 
applied are currently pending. 


e has 


He was married on December 31, 
1935 to Thelma E. Dudley. He calls 
himself an “enthusiastic volunteer fire 
man’ and loves ‘‘music from Dixie to 
Dvorak.”’ 


WwW 


= 


AERONAUTICAL ENGINEERING REVIEW—MAY, 1951 79 


PRAISE 


this a 
awk 
‘ribed 


n all 

itract 

act 

iltant 

IS to 

ip of 

= 


chose 


other 
high 
lered 
pro- 
iSCin- 
iking 
first 
| air 
con 
: ha No American enterprise sets for itself more 
oe exacting standards than the airlines of the 
ever nation. Their quest for betterment in service, 
in an scan Airlines safety and dependability is literally unceas- 
Field Amer! + ways ing. The adoption of Bendix Low Tension 
we Branift Airw Y Ignition by so many important airline oper- 
Capital _— rm Air Lines ators is perhaps the finest tribute that could be 
Chicago Sout paid to this new and revolutionary ignition 
He Air Line system. Before Bendix low tension system was 
tem offered to the industry it was subjected to the 
gen most exhaustive tests under all operating 
8 Mid Continent conditions. The results in terms of efficiency, 
= N tional Airlines economy and all around dependability were 
ad 2 Northeastern Airlines — ie so pronounced that we felt justified in an- 
Ca American World Airway nouncing our new concept as “The most 
Pan ; s significant step forward in the history of 
sued Slick — Airlines aircraft ignition.” That this introductory 
hese Trans Wor statement was no exaggeration has been 
aaa United Airlines amply demonstrated by the wide and ready 
ret S.N _M.A.1S. acceptance of Bendix low tension systems by 
has U.S.A.F.—U.5.N- America’s most critical buyers, the airline 
: operators of the nation. 
31, Write for an interesting booklet entitled 
-alls “Current Aircraft Engine Ignition Systems.” 
hre- 
> to SCINTILLA MAGNETO DIVISION OF 
SIDNEY, NEW YORK 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. AVIATION CORPORATION 
RY BRANCH OFFICES: 
N17 E. Providencia Avenue, Burbank, California 23235 * 7829 W. Greenfield Avenue, West Allis 14, Wisconsin 


582 Market Street, San Francisco 4, California 


80 AERONAUTICAL 


LAS. 


Baltimore Section 
M. Francis Taylor, Secretary 


A joint meeting of the local A.S.M.E. 
and I.A.S. groups was held at the 
Engineer’s Club on January 22. Frank 
N. Piasecki, Chairman of the Board of 
Directors, Piasecki Helicopter Corpora- 
tion, and pioneer of the tandem-rotor 
helicopter, was speaker of the evening. 

Samuel B. Sexton, III, Chairman of 
the Baltimore A.S.M.E. chapter, pre- 
sided over the combined dinner meet- 
ing. After the dinner, the General 
Motors’ film, The Diesel Engine, was 
shown in which the development of the 
compression-ignition type power was 
traced. The film stressed the precision 
accuracy requirements of the fuel-in- 
jection-system components and ended 
with a display of the variety of applica- 
tions to which diesel power has been 
adapted. 

Mr. Piasecki’s address was entitled 
“The Military Aspects of Transport 
Helicopters.”’ Well illustrated by both 
color movies and slides, the lecture 
covered a comprehensive survey of the 
types of service, versatility, and possi- 
bilities of the helicopter at war. Refer- 
ence was also made to a comparative 
cost economy of the helicopter as a 
transport vehicle, as well as to its peace- 
time uses. 

A number of interesting tactical war- 
fare situations were presented by Mr. 
Piasecki to demonstrate the utility, 
economy, and often indispensability of 
the helicopter. Largely through its 
unique ability to hover over any particu- 
lar ground location, the helicopter is 
well suited to transporting heavy items 
of field-artillery equipment to the de- 
sired spot where land transport over 
rough terrain is cumbersome. Again, 
the combined operations of transporting 
fresh assault troops to the front line and 
the evacuation of wounded can be per- 
formed in one round trip, with the bonus 
of administering lifesaving blood trans- 
fusions en route as required. 

Numerous other missions can be per- 
formed by the helicopter, according to 
Mr. Piasecki. At sea, the helicopter 
performs air-sea rescues more efficiently 
and economically than the destroyer 
heretofore used and, at the same time, 
frees the destroyer to perform its func- 
tion. Over land, it has been used to 
rescue wounded G.I.’s behind enemy 
lines and to replace even the jeep for 
improved mobility. Vulnerability to 
enemy fire is less than might be sup- 
posed, since vital sections of the rotor 
blades, the power plant, and the trans- 
mission shafting present small pro- 
jected area targets. 


ENGINEERING 
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Once large transport helicopters are 
available in quantity, the need for 
specially qualified, highly trained para 
troopers is eliminated and replaced by 
regular infantry assault troops, carried 
to their initial destination by helicop 
ter. 


In terms of defense, the transport 
helicopter plays an important role. 
This vehicle can serve as an aerial 
radar-defense station, perform decon 
tamination against germ 
warfare, and evacuate civilian popula 
tions afflicted in A-bomb areas. 


operations 


Mr. Piasecki pointed out that the 
helicopter as a transport vehicle com 
petes readily with other forms of trans 
portation when the huge construction 
and maintenance costs of concrete high 
ways, railroad beds 
considered. 


and airports are 


Boston Section 


L. J. Nuttall, Secretary 

Northeast Airlines, Inc., played host 
to the members of the Boston Section 
on February 21 for a discussion on “Air 
line Maintenance’’ and for a_ tour 
through the maintenance facilities at 
Logan Airport. 


To start the evening, Mr. McKinnen, 
Supervisor of Maintenance, Northeast, 
presented an excellent talk on main 
tenance requirements, methods, and 
practices. Besides explaining the rou 
tine maintenance procedures, Mr. Mc 
Kinnen told of some of the unique 
problems they had run up against and 
how they had solved them. He also 
stressed the emphasis the air lines place 
on safety in all their operations. The 
talk was followed by a discussion period 
where the questions of the group were 
answered. 


A tour of the facilities followed, 
starting in the instrument laboratory 
where checking, calibrating, and over 
hauling of all instruments used in their 
planes is done. From there, the group 
was shown through the main hangar 
where the work on the complete air- 
plane, with the exception of the power 
plant, is carried on. Here, it was 
pointed out just how much attention 
various parts of the airplane receive and 
also some of the methods used for doing 
various checks and repair jobs. The 
tour wound up in the engine overhaul 
plant where a step-by-step analysis of 
the overhaul procedure was given. 
The engine test stands were also ex- 
amined, 


This meeting was enlightening and 
was well received by those present. It 
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is now easy to understand why the 
Northeast Airlines, Inc., has such 
enviable safety record. 


an 


Buffalo Section 
Hans Weichsel, Jr., Secretary 


Robert E. Fulton, Jr., President. 
Continental, Inc., spoke on  ‘“‘Ajr. 
phibian, the Roadable Airplane”’ at the 
December 11 meeting held at the Colvin 
Casino. By giving a résumé of many 
of his previous experiences, Mr. Fulton 
was able to show how the Airphibian 
came about. He also gave the various 
requirements that had to be met by the 
“roadable airplane’’ and described its 
performance. Mr. Fulton was an ex 
cellent speaker and was well received by 
the Section. 


p> The January 31 meeting was held 
jointly with the American Helicopter 
Society, at the Westbrook Hotel, with 
a turnout of over 60 persons, including 
The speaker, C. R. Woods, of 
McDonnell Aircraft Corporation, was 
introduced by A. Price. Mr. Woods 
spoke on ‘Little Henry—The Ram 
Jet Helicopter.”” He gave a_ brief 
description of the design, including con- 
struction details, performance, and 
weight values. The problem of blade 
selection and rotor diameter were men 
tioned, and the advantages of the ram 
jet were clearly presented (its low main 
tenance, low initial cost, ease of flying 
simplicity, and great lifting capacity 

A short discussion of the advantages 


guests. 


and disadvantages of ram- and _ pulse 
jets for helicopter applications was in 
cluded. The talk was summarized by 
listing the many advantages of a ram 
jet helicopter such as “Little Henry” 
and by forecasting a tremendous po 
tential for the ram-jet helicopter both 
for military and civilian use. 


p> A dinner meeting was held on 
February 21 at the Westbrook Hotel. 
The speaker of the evening was intro 
duced by R. Frost after a brief business 
session that covered the activities of the 
Civil Defense and the responsibilities of 
the technical societies in relation to 
Civil Defense. The speaker, Gene 
Halperin, Aviation Section, Special 
Devices Center, Office of Naval Re- 
search, spoke on ‘‘A Man-Machine Ap- 
proach to Cockpit Problems.’ The 
talk was illustrated with mumerous 
slides showing the various methods of 
presenting data to the pilot. The im- 
portance of the instrument-face design 
was pointed out. Several different 
methods of presenting flight attitude to 
the pilot were covered. A lively dis- 
cussion followed, with Test Pilot and 
Engineer R. Stanley presenting some 
interesting aspects from the pilot's 
point of view concerning ‘‘stick intelli- 
gence”’ (i.e., stick feel). 
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MULTICHANNEL 

RADIO TELEMETERING 
SYSTEMS AND 
COMPONENTS 


(0 


MIMATURIZED TIME 
OIVISION @ SUBCARMIER 
TELEMETERING 
EQuIPMENT 


@ 


HIGH AND LOW 
SPEED MULTICHANNEL 
MECHANICAL 
SAMPLING DEVICES 


DATA TREATING, 
ANALYZING AND 
OISPLAY METHODS 
AND TECHNIQUES 


custom Bunt 
ELECTRONIC AND 
ELECTRO-MECHANICAL 
EQuiPMENT 


Designer & Producer of New Electronic Devices 


SCIENTIFIC RESEARCH, DEVELOPMENT AND CONSULTATION. 


ASSOCIATED PRODUCTION, PRODUCTION ENGINEERING, 
AND MODELS. 


@ COMPARATIVE ANALYSIS OF [SPECIFIC EQUIPMENTS AND 
TECHNIQUES. 


@ DETERMINATION OF REQUIREMENTS AND THEIR CRITICAL 
EVALUATION 


@ GENERAL SYSTEM EVALUATION AND ANALYSIS. 


ASCOP makes its expanded facilities available to you for the application of basic 
scientific principles to the design and development of electronic and electro-mechanical 
devices. The new and modern ASCOP laboratory, centrally located on the East Coast, 
is in the heart of one of the country’s leading research centers. 


The ASCOP Group offers you experience in many scientific fields—particularly 
those related to Aircraft and Guided Missile development. A unique combination of 
theoretical and practical approaches assures the best and latest techniques in product 
design and development. 


The ASCOP Group—as specialists in’ multichannel instrumentation and remote 
measurement—has contributed substantially to the development and standardization 
of methods and techniques used in the Radio Telemetering field. How can we serve 
you best? 


Your inquiries are invited. 


The Applied Science Corporation 
of Princeton 


Post Office Box 44, Princeton, New Jersey 
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Chicago Section 
Alfred Stott, Secretary 


One of the most interesting and ed- 
ucational meetings was held on Feb- 
ruary 20 at the Argonne National Lab- 
oratory. 

One hundred and fifteen members and 
guests attended a fine cafeteria dinner 
at the Laboratory at 6:00 p.m. At 
8:00 p.m., the group had grown to 150, 
and Section Chairman K. L. Burroughs 
called the meeting to order and intro- 
duced Dr. H. L. Hull, Director, Re- 
mote Control Engineering, Argonne 
Laboratory. Dr. Hull in turn intro- 
duced Dr. W. H. Zinn, Director, 


ENGINEERING 


Argonne National Laboratory, who 
welcomed the members and guests. 


Dr. Hull, who was the principal 
speaker of the evening, gave a brief 
description of the work done at the 
various Atomic Energy Commission 
establishments and particularly at the 
Argonne Laboratory. A fine descrip 
tion of problems encountered in handling 
‘“hot’’ materials (radioactive) by re 
mote control was given. Movies were 
shown illustrating the use of remote- 
control devices, such as mechanical 
hands and fingers, for performing ex 
periments in rooms. The 
high light of the program was a demon 


stration of the three-dimensional tele 


adjacent 


Need “SPECIALS” in 


Check BUD “STANDARDS” 
Your “SPECIAL” may be our CATALOG ITEM 


* Many items which you may consider SPECIAL are catalog items in the 


extensive BUD line. 


We manufacture over 2200 different electronic 


components and sheet metal products, any one of which may be just 


what you need. 


Regardless of whether you make these types of 


products or purchase them from outside suppliers, it will pay you to 


investigate our specialized production facilities. 


Do this now—and 


avoid costly delays when a SPECIAL is required. 


Since we make so many different sheet metal products from steel and 
aluminum, and electronic components, you may find that one of our stock 


items will fulfill your requirements. 


In addition, a slight change in one 


of our standard models will eliminate your paying for and waiting for 


special tools, dies and other equipment. 


faster delivery for you! 


This means lower costs and 


Whether your requirements are large or small, we save you time and 


money. 
will call at your convenience. 


Send us your blue prints for estimates, or our representative 


Write for free copy of new BUD catalog No. 151 


The Mark of 
Perfection 


BUD RADIO, Inc. 


2122 East 55th Street 


Cleveland 3, Ohio 
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vision equipment that enables the opera. 
tor to perform experiments a great dis. 
tance from his position by controlling 
the mechanical hands electronically and 
watching the results on his television 
screen. Those present were allowed to 
try their hands at the remote-control 
devices. It is hoped that this type of 
equipment may be used in the future to 
conduct experiments many miles away 
from the operator. 


Ray Brittan, Project Engineer, Re. 
actor Division, Argonne Laboratory, 
and a member of the Chicago Section, 
presented two fine movies and com- 
mented on each. One was The Tale of 
Two Cities, showing the effects of the 
bombing of Nagasaki and Hiroshima; 
the other was Operation Crossroads, a 
colored picture that showed the testing 
of the Atomic Bomb at Bikini. 


A rousing vote of appreciation was 
given to Dr. Hull, Ray Brittan, and the 
Laboratory personnel who arranged the 
program and made the visit possible 
Chairman Burroughs closed the meet- 
ing at 9:45 p.m. 


Hagerstown Section 
Robert A. Darby, Secretary 


A dinner meeting was held on Feb- 
ruary 20, attended by 31 members and 
their guests. Robert D. Gilson, Chair- 
man, presided. Speaker of the evening 
was Capt. Robert A. Lavender, U.S.N 
(Ret.), prominent Washington, D.C,, 
patent attorney and patent consultant 
to Fairchild Engine and Airplane Cor- 
poration. The speaker was introduced 
by H. J. Sieradzki, Chairman of the 
Program Committee. 


Captain Lavender presented a com- 
prehensive survey of the patent system 
as it exists in the United States and dis- 
cussed the troublesome question of 
what does and what does not constitute 
invention. He traced the history ot 
patent law from the provision in the 
Constitution, “‘the Congress shall have 
power. . .to promote the progress of 
science and useful arts, by securing for 
limited times to authors and inventors 
the exclusive right to their respective 
writings and discoveries,” through the 
major revisions of the laws in 1836 and 
down to the present. The various 
steps in securing a patent, from the 
conception of the invention through the 
issuance of the patent by the Patent 
Office, were discussed, and many it- 
teresting examples were cited to show 
the right procedure and common mis- 
takes. One step of particular im 
portance is the disclosure in which the 
inventor, as consideration for his patent 
rights, explains his invention to the 
public. The sketch or drawings coml- 
prising the disclosure should carry the 
wording, “‘disclosed to and understood 
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SAVES Lives! 


S.N Pilot down! Another job for the Navy’s 
D.C famed air-sea rescue team. With the 
ultant Piasecki HUP helicopter . . . equipped 
for “hands off” (automatic) flying... 
the Navy goes into action. 


» The HupP is hovering while 
automatically stabilized by the Sperry 
A-12 Gyropilot*. Automatic stabilization 
greatly facilitates hovering over a 
target, as adjustments are then required 
only to correct for changes in wind drift. 
» For the helicopter pilot .. .““Hands 
off” flying reduces pilot fatigue by 
freeing him from “flying” constantly 

ess of with both hands and feet. He is 

ng for free to concentrate on navigation, 

entors communications, rescue and submarine 

ective search duties while the automatic 

th the pilot takes over. 


| 
0 am » For the Navy ...Through the use of 


the Gyropilot, the HuP has full 
automatic stabilization in yaw, pitch 
and roll—the ultimate aim in the rotary 
wing field. Thus, military uses of the 
helicopter are almost limitless. 


arious 
n the 
gh the 
atent 
in- 
show 
mis- On all missions, the Gyropilot 
r im greatly improves the ability of the 
h the helicopter to fly in reduced visibility, 
atent to maneuver automatically on take-offs 
o the and landings and to make automatically GYROSCOPE COMPANY 
com- stabilized instrument landings through 
ry the low weather ceilings. 
STOO! 
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DEEP ROOTS: STURDY BRANCHES 


Today’s airplane presents many new combustion problems. Some must be 


evaluated and solved with specialized knowledge of combustion, a familiarity with its 


history and future possibilities. 
Transonic and supersonic aircraft not only offer new and challenging 
problems in heating; they sometimes call for generation and control of special combustion 
atmos pheres—problems which are being answered by the same Surface 
Combustion research and development facilities which have 
contributed to steel production, glass annealing, Catalytic processing, 
and many other basic industrial accomplishments. 
The roots of the S. C. family tree, deep in many technologies and basic 
sciences, promise continuing growth of knowledge and experience to solve unusual 
combustion problems, even those existing in high, thin air, where planes leave sound behind. 
To be sure, our aircraft division combustion engineers have their own 
special problems and projects. But more than that, they have at their command the 
accumulated skills and experience of the entire Surface Combustion organization. 
Lessons learned in developing an annealing furnace, designing air conditioning 
controls, or mass producing a residential heater often point the way to subtle and important 
improvements in aircraft combustion components. 


Your nearest Janitrol representative is always at your service. 


35 years’ experience in Combustion Engineering. 


F. H. Scott, New York, N. Y., 225 Broadway ; 

F. H. Scott, Bethesda, Maryland, 4650 East-West Highway; 

C. B. Anderson, Kansas City, Mo., 1438 Dierks Bldg.; 

Lee Curtin, Hollywood, Calif., 7046 Hollywood Blvd.; 

Frank Deak, P. A. Miller, Central District O fice, Engineering Development and 
Production, Columbus, Ohio; Headquarters, Toledo, Ohio. 


AIRCRAFT-AUTOMOTIVE DIVISION, SURFACE COMBUSTION CORPORATION, TOLEDO 1, OHIO 
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by,” and the signers should by ay 
means be people whom a court would 
deem capable of understanding the jy 
vention. The inventor should be care 
ful in explaining his invention and 
should be sure that the witnesses cap 
give a creditable explanation. After 
discussion of claims and infringements, 
the speaker answered numerous ques. 
tions from the floor. 

At this meeting H. C. Billings of the 
Program Committee announced that 
three cash prizes have been offered by 
the Fairchild Aircraft) Division for the 
best papers on aeronautics to be pre 
sented this year by anyone in the 
Hagerstown area. It was also an- 
nounced that FE. E. Morton would re- 
place B. A. Lindner as Area Nominating 
Committee Representative and that 
Robert A. Darby would take the place of 
J. O. Gibson Secretary-Treasurer, 
these men having moved from the Hag 
erstown vicinity. 


Hampton Roads Section 
George White, Secretary 


Members at the February 19 meeting 
had the pleasure of hearing Comdr. 
Thomas F. Connolly, Director, Flight 
Test Pilot School, Naval Test 
Center, Patuxent River, Md. The sub 
ject of his talk was “Requirements and 
Acceptance Tests for Naval Aircraft 
The speaker was introduced by Melvin 
N. Gough, Chief, Flight Research 
Division, Langley Aeronautical Lab 
oratory, N.A.C.A. 

Flight characteristics of several of the 
latest types of service aircraft were dis 
cussed by Commander Connolly as he 
pointed out their desirable features and 
their shortcomings. He emphasized 
the urgent need for an all-out effort in 
aeronautical-research activities as a 
primary factor in maintaining our Na 
tion’s supremacy in the air. 

An interesting film was shown, illus 
trating some of the newest Naval ait 
craft performing catapult take offs and 
arrested landings. During the showing, 
comments were made by the speaker, 
pointing out design features of the 
various types. 

Following the presentation of his 
address, Commander Connolly engaged 
in an informal question-and-answet 
session, drawing upon his broad ex- 
perience in Naval aviation to give com 
prehensive and sometimes humorous re 
plies to the many questions put forth 
by the Section members. 


Los Angeles Section 
Milton A. Miner, Secreta? 


On January 10, J. M. Wild, Chiel, 
Propulsion Wind Tunnel, ARO, Inc., 
talked before a specialists’ meeting 0? 
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Another ROLLWAY BERRING user... 


PIASECKI H-21 


Specifically designed for large scale Arctic res- 
cue work, the Air Force’s newest tandem- 
rotored ‘copter is built to provide longer, 
trouble-free service under the grueling strain 
of sub-zero operation. 


Rollway Roller Bearings are increasingly 
being specified for America’s new aircraft 


That’s because the inbuilt trueness of Rollway’s right 
angle design assures longer bearing life under heavy 
loads . . . longer hours of continuous, dependable per- 
formance. That’s what makes a Rollway Bearing so right. 
Right for your installation, too. 


Right Angle Design is 
Key to Better Performance | 


RIGHT ANGLE ROLLER ENDS, te 


precisely square to avoid end-rub, oscil- 
lation and side-shock. 


RIGHT ANGLE BEARING suR- Cr 


FACES — parallelism that promotes un- 
wavering rightline rolling. 


RIGHT ANGLE sEPARATOR 
SLOTS, accurately machined to prevent 4 ? 
roller skew, slide and uneven wear. 


Let’s examine your bearing problems together. 

Our years of specialized experience, plus complete engi- 
neering and metallurgical services, are at your command. 

SALES OFFICES Just write or wire Rollway Bearing Co., Inc., Syracuse, N.Y. 


Syracuse Detroit 
Philadelphia Chicago 
ROLLWAY 
Pittsburgh Los Angeles 
Cleveland 


BEARINGS 


Complete Line of Radial and Thrust Cylindrical Roller Bearings 
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the subject, “The Arnold Engineerin 
Development Center Stepping St 
to Air Power.” 


A general description was 
illustrated with slides, of the 
Force's new Arnold Engineering 
velopment Center at Tullahoma, Teny 
with particular emphasis on the thre¢ 
major technical facilities now under 
construction. The relationship of the 
activities at this Center to the develo 
ment program of industry and the mode 
of operation of the Center were dj 


HS 


cussed 

> A joint dinner meeting with th 
A.S.M.E. was held on January 1s 
The topic of the evening, ‘High Speed 
Flight,"’ was presented in its various 
aspects by the following Purboiet 
Engine Design for High-Speed Flight 

Wesley V. Hurley, Air Design Special 
ist, <Aireraft Gas Turbine Division 
General Electric Company; ‘Turbojet 
Engines for Supersonic Flight,’ Arnold 
H. Redding, Section Engineer, Flow 
Research Section, Aviation Gas Turbine 
Division, Westinghouse Electric Cor 
poration; and ‘High-Speed  Aerody 
namic Problems of Turbojet  Installa 
tions,’ Harold Luskin, Aerodynamies 
Research Engineer, and Harold Klein 
Aerodynamics Engineer, Douglas 
craft Company, Ine. 

This is a repeat performance by the 
original authors of the panel of papers 
first delivered at the annual A.S.M.E 
meeting in New York on November 28 
Although chiefly devoted to power- 
plant problems, these papers were of 
general interest, since each of these 
power-plant) problems influences the 
general configuration of the aircraft 

Mr. Hurley discussed the basic design 
of the optimum engine for specific flight 
missions as affected not only by high 
flight speed, but high flight altitude 

In Mr. Redding’s paper, the dif 
ferences between a turbojet engine de 
signed for subsonic flight and on 
primarily intended for supersonic flight 
were presented. These differences were 
examined component by component in 
order to give a better understanding of 
the problems of supersonic flight with a 
turbojet engine. 

The paper jointly prepared by Messrs 
Luskin and Klein covered the possibilits 
of supersonic flight in turbojet-powered 
aircraft and the resulting thrust re 
quirements from the point of view 0! 
the aerodynamicist. Inlet-pressure re 
covery and drag, the matching of inlet 
size to the engine, and the effect of exit 
and cooling losses were featured 


Montreal Section 
G. E,. Otter, Secretar) 


The March 1 meeting was held in the 
International Aviation Building. 1 
B. Rhines, Chief Development Engi 
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neer, Hanmulton Standard Division, 
United Aircraft Corporation, addressed 
the meeting on the subject, ““New Hori 
zons for a Propeller Manufacturer.”’ 
Mr. Rhines has been associated with 
United Aircraft and Hamilton Standard 
since 1932 and has been intimately 
connected with propellers and pro 
In his 
present) position, Mr. Rhines re 


peller problems since that time. 


sponsible for the design and develop 
ments of propeller hubs and control 
work, as well as new developments in 
air-conditioning equipment, pneumatic 
accessories, and jet-engine fuel controls. 

Mr. Rhines assured the meeting that 
the propeller was not yet dead and that 
he was certain that propellers would 
have an active life as long as he was 
interested in airplanes. Recent studies 
have revealed a better understanding of 
the roles of the various propulsion 
methods. This more intelligent assess 
ment of the limitations of each of the 
methods is in direct contrast with the 
earlier swing to the elimination of the 
propeller in future aircraft in favor of 
the new turbojet form of propulsion. 
It is now recognized that the propeller 
is destined to play an important part 
in the overall picture. 

Recent trends in propeller designs 
have included new control mechanisms 
that would provide a propeller and con 
trol system for new engines without in 
creasing the complexity of the design. 
Mr. Rhines mentioned that the skills 
and knowledge developed over a period 
of years in the propeller industry have 
been applied to the new fields of jet- 
engine fuel controls. The ruggedness 
and maintenance simplicity of the elec 
tronic control units were found to 
be of interest. He concluded with a 
brief outline of the Hamilton Standard 
refrigerating unit. An interesting dis 
cussion period followed. 


Ottawa Aeronautical Society 
J. C. Finlayson, /x-Secretary 


Jerome Lederer, Director, Flight 
Safety Foundation, Inc., spoke at the 
November 15 meeting on “Some Cur 
rent Problems in Aviation Safety.”’ He 
gave a most interesting presentation, 
commencing with a short discussion on 
the selection of suitable vardsticks for 
measuring safety. He then discussed 
the various aspects of service testing of 
prototype transport aircraft; accidents 
and their effects on air transport with 
particular reference to the sundry 
classes of financial loss involved; and 
some phases of fire both in flight and 
following a crash. He concluded his 
address with comments on the place of 
human factors in preventing accidents. 
The talk was illustrated by a number of 
slides and ended with the showing of an 
American Airlines training film, This 
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Way Out Phe meeting was held in 
the Auditorium the National Re 
Sussex Street. Ap 
vers Were present 


search Council o1 
proximately 45 mem 
> The December 12) meeting had 
Squadron Leader J. G. Wright, 
as the speaker; | ypic was ‘Research 
R.C.A.F. Naviga 


Squadron Leader 


and Development 
tion Instrument 


Wright gave a most interesting de 
scription of thi blems involved in 
navigating in tl polar region and 
showed that normal navigation 
instruments are only of limited use in 
this part of the world. He then pro 


ceeded to deseril he development ot 
instruments specitically 
make the task of polar navigation easier 


and also talked brietl 


designed to 


on modifications 
to maps which had been found neces 
sary. This meeti was held in the 
National Rese 
rium, Approxit 


Couneil’s Audito 
members were 


present, 

> On Januar M. S. Kuhring, 
M.B.E., spoke ipproximately 
members on “Some Icing Studies of Gas 
Purbine Engin Mr. Kuhring gave 
a most informats talk on the various 
aspects of thi ibject, opening with a 


discussion ol fundamental char 


acteristics of ne-engine icing, in 


cluding investigation of water-droplet 
size and development of apparatus for 
producing a supercooled water 
which duplicated the natural conditions 
as Closely as | ible He outlined the 
several methods that can be used for 
anti-icing and deicing systems on 


several different types of gas-turbine 
engines, includit 
props. This n 
the National | 
torium 


turboyets and turbo 
was also held in 
irch Council's Audi 


> The Februar meeting was held 


in the auditorium of the National Re 
search Council \pproximately 45 
members were present Air Marshal 
G. QO. Johnson was in the chair and 
announced that first item of business 
was the annual elections for an execu 
tive for the 19 OL season. Nomi 


nations were ¢ rr, and the following 
slate of officers was duly elected by 
acclamation: Chairman, Dr. D.C. Mac 
Phail, National Research Council; Sec 
retary-Treasuret K. 
National Rese Council; LAS 
Representative uadron Leader James 
N. Brough ALR: 
Institute of Canada Representative, ] 
C. Finlayson, Air Transport Board. 
Wing Commander C. B. Limbrick 
was then introduced by Air Marshal 
Johnson, who « 


Stephenson, 


Engineering 


ntinued in the chair 
because of the unavoidable absence of 
Dr. MacPhail. Wing Commander Lim 
brick delivered a most interesting paper 
on ‘Guided Missiles,’ commencing 
with a brief history of early efforts. 
He then reviewed the requirements 
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that had to be met by vuided Mussiles 
and discussed the functions of | th, 
Various components ol a mussile in meet 
ing the requirements. Different types 
of air frames were described, and the 
principal features of each of the several 
kinds of power plants available were ex 
plained. An outline 
several types of guidance 


Was iven of 
tems, and 
the paper ended with some possible 
peacetime applications of thi type of 
vehicle Some of the use mentioned 
were carriage of mail, distribution of 
medical supplies and serums, and ap 
plication of insecticides and other agri 
cultural chemicals over large areas in a 
short space of time. 

Air Marshal Johnson tendered a vot 
of thanks to the speaker on behalf 
the Society. 


St. Louis Section 
Jack A. Durand, Sec 


The January 23 meeting was held at 
the Lngineers’ Club with Chairman 
Berlin presiding. Fifty members 
tended. Lapel badges, distributed to 
members as they entered the meeting 


were used for identification so that the 
members might become better a 
quainted with one another At the 
close of the meeting, the badges wer 
collected to give a count of members 
present, 


Mr. Harmon introduced Carl | 
Wenzinger, who gave the talk for the 


evening. Mr. Wenzinger has held posi 
tions with the N.A.C.A. and the U.S 
Navy's Bureau of Aeronautics; he 


worked with Consolidated in Texas and 
with Fairchild in Hagerstown. In 
1949, he came to Sverdrup and Parcel, 
Inc., of St 
serving as Head of Aerodynami 

Mr. Wenzinger presented a most in 
formative talk about the Arnold Engi 
neering Development Center of Tull 
homa, Tenn., and illustrated his sul 


Louis, where he ts now 


ject with color slides of the existing 
and proposed facilities of this new test 


ing center. Mr. Wenzinget tated 
that the 8Ist Congress in 1949 passed the 
bill authorizing the construction of the 
Development Center as a joint At 


Force, Navy, C.A.A., N.A.C.A., uni 
versity, and aircraft-compam 


The Center, when completed, will cover 
33,000 acres and will be compat ible (as 
far as power, water, and other utilities 
are concerned) to a city of about 200,000 
population. 

The first operation is the Engine Test 
Facility in which the test section 1s six 
to eight times larger than any now ex 
isting at Wright Field; 75,000 hp. will 
be required for operation of the tunnel 
that will simulate a wide range of pres 
sure, temperature, and altitude condi 
tions. A Ram-Jet Facility will be an 
auxiliary to the Engine Test Facility 


| 
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CONNECTORS 


Signal - Communication - Power 
in the AIRCRAFT INDUSTRY 


HM 14P HM 7 P 


Hermetically 
Sealed 


Each contact separately 
sealed in glass. 


HMRE7P HMRE 14P 


(IIlustrated actual size) 


Each contact separately 
spring loaded. 


(IIlustrated one-half actual size) 


Disconnect 


Patent No. 2,466,370 


QRE 18S QRE 18 P 


Quick 


Pressure 
Tight 


Patent No. 2,513,080 


(IIustrated 


one-half 


actual size) 


450 
v4 


Each contact and insert has 
individual Neoprene ring. 


WRITE FOR DETAILS: 

INCORPORATED 

| GLENBROOK, CONNECTICUT, U.S.A. 
L 


‘ R 
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th 

332 

Engi 


92 AERONAUTICAL ENGINEERING REVIEW MAY, 1951 


The second is the Gas Dynamics Facility 
in which tests at supersonic and hyper 
sonic speeds can be made (Mach — 
1.2 to 5) over a wide range of the Reyn 
olds Number. The third facility jg 
the Propulsion Wind Tunnel; 200,009 
hp. will be required to operate this 
tunnel, in which full-scale high speed 
craft and installations in a speed range 


Here’s why those in the know 


—_demand 


from high subsonic to supersonic ean 
be tested. A range of altitudes from sea 
level to 70,000 ft. can be simulated. 
About 100,000 gal. of water per min, 
will be used for cooling purposes when 
the tunnel is operating at top speed 


San Diego Section 


Flame-Barrier insert W. HH. Shutts, Secretary 
Contact precision-machined A dinner meeting was held on Feb 
rom solid bar stock, electro ruary | at the Park Manor Hotel 


plated with silver or gold ; 
ees About 66 members and guest 
Neoprene grommet 
relieves wire strain 


were in 
attendance to hear a talk by W. S 
Ivan, noted sailplane expert 

Mr. Ivan's talk was concerned pri 
marily with various aspects of ‘stand 
ing-wave’”’ soaring and with the details 
of his recent flight on which he es 
tablished a new world’s altitude record 


Shell, insert barrel, coupling 
nut and end bells are 
cad.-plated steel 


for sailplanes of 42,300 ft. Lantern 
slides and motion pictures were shown 
to point up certain phases of the dis 
cussion 


Split shell for easy wiring Phe principle of the standing wave is 
and inspection t 

something analogous to the waves that 
may be noted at a distance downstream 


from an obstruction in a brook. Mr 


Here is another example of the care The Fireproof continuous service type is Ivan stated that lavorable conditions 
Cannon Electric takes in developing a similar in appearance, but has crimp-on exist for this standing wave on the 
connector for specialized use. This is the type contacts in fireproof insert mate- eastern or leeward side of the Sierra 
Firewall Connector to prevent the rial. Must carry rated DC current under Nevada Mountains in central California 
spread of a possible aircraft engine fire open flame of 2000 F for five minutes Meteorological phenomena associated 
through the bulkhead into wing sections. and withstand vibration of a” double with this wave include two types of 
Illustration shows Flame Barrier type amplitude at 2000 cycles per minute. De- thn 
with phenolic insert and contacts having signed for aircraft, this connector has — dean mempes* 
solder cups. Shell must resist an open other applications where the going is Both oF these cloud types form at th 
flame of 2000° F for 20 minutes. Electric tough. For further information request crest of the wave and may be rough | 
circuits not required to remain active. Cannon Electric Firewall Bulletin. airfoil-shaped. Thus, by flying neat 
the leading or upstream edge of thes 
clouds, the sailplane may take ad ( 
vantage of the strong updrafts in this the 
area to gain considerable altituce evi 
Several excellent) movie shots illus Ir 
trated the method in which roll clouds \j 
Oo O are formed Phese movies wer taken 
OF @ O at the Bishop (Calif.) Airport at. the TI 
rate of frames per sec that 
—— changes could be readily noted ne 
Roll clouds are being constantly built Je 
up on the leading edge and are being nc 
Cannon Electric AN Type Aircraft dissipated on the trailing edge so that ‘ 
Firewall Connectors are available they maintain a constant postion I 
relative to the terrain even though the 
Flame Barrier and Fireproof Types. local wind velocities at the roll-cloud Si 
altitude may be greater than 100 m.p.h ay 
CAN LECTR One of the most extraordinary demon th 
pire: Cannon Electric Co., * 
Ltd., Toronto 13, Ontario. strations of the strength the updratt 
Since 1915 World Export (Excepting may attain in front of these standing of 
Los Angeles 31, California waves was noted when a P-3S8 airplane 
REPRESENTATIVES IN PRINCIPAL CITIES San Francisco, California. soared for a period of more than 


2 hours with both propellers ft thered 
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Record US. Air Force Contract 
for Super-Jet Engines 


er min 
es when 


ed 


on Feb 
Hotel 
were in 


W. S 


Lantern 
how! 
the dis 
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nstrean 
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the 
Hila 
1ale 
es 
ges New Turbo-Jet Leads with Greatly This accents the length and breadth of Allison jet engine 
iit . . 
hI Increased Power and Fuel Economy experience where it counts most—in the air. Many of these 
: : flight hours have been accumulated in Korea powering U.S. 
“a ean? fighters for support of ground troops and keeping the skies 
thes ()\ E more Allison makes a major contribution to clear of enemy opposition. 
e al America’s air power—a new Super-Jet aircraft engine ; 
his that excels in power and fuel economy any other jet engine Production will continue at Allison on those combat-proved 
ever released for production. types of jet engines in addition to the new J35-A-23 Super- 
It's the new J35-A-23 developed in cooperation with the and Sie now engines. 
i \ir Materiel Command —a completely new design — yet The record production order for the new Allison engi- 
ye retaining the same basic diameter of the famed J35 series. neered Super-Jet will be met through 
= This new engine develops more power per square foot of the combined facilities of Allison and 
frontal area than any other jet yet produced. Four of these the Chevrolet Motor Division which 
‘ new engines will be installed in the YB-47C Boeing Strato- will build a substantial quantity of 
ei Jet. They will produce more power than the six jet engines these Super-Jets. 
— now used in previous models of the B-47 series. GENERAL 
ps l101 This J35-A-23 now has been selected by the MOTORS 
the Air Foree—in open competition—for a record- Fa 
loud sie production contract. Behind this latest . 
».1 award is Allison’s unequaled experience in 
anal the design and production of more than Turbine Engines and 


10,000 jet engines with total time in the air atin tities 


1 of over 700.000 hours. DIVISION GENERAL MOTORS CORPORATION 
lane INDIANAPOLIS, INDIANA 


hered “DEFENSE IS EVERYBODY’S BUSINESS—AIR POWER IS EVERYBODY’S PROTECTION” 
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during an unusually strong wind condi- 
tion. 


Texas Section 
Roland Christy, Secretary 


The February 21 meeting was held 
at the American Legion Hall, Grand 
Prairie. Approximately 200 members 
and guests were present to hear the 
lecture given by Robert C. Donovan, 
the guest speaker 

Mr. Donovan, Chief of 
Vought Aircraft) Division, 
United Aircraft Corporation (formerly 
Project’ Engineer, Aircraft 
Company, Inc.), chose as his subject 
the “Design and Development of the 
Douglas Skvstreak and Skyrocket.” 
Through the courtesy — of 
his lecture was supplemented by slides 
and motion pictures. 


Design, 
Chance 


Douglas 


Douglas, 


Mr. Donovan explained how Douglas 
entered into a contract with the Navy 
and worked with the N.A.C.A. to de 
build 


airplanes 


sign and Six experimental re 

There many 
conligurations studied to establish the 
one to be built 
Skystreak. 


features, and testing of it were explained. 


search were 
being designated the 
The development, design 


This research program was later split 
into Phase I and Phase II, with the 
second phase being the design of the 
Skyrocket. Again, he pointed out in 
detail the arrangement and construc 
tion features and discussed the methods 
of handling the special and highly ex 
plosive fuels used. The trailer truck 
used for servicing and transporting the 
airplanes at Edwards Air Force Base 
was of unique design. Mr. Donovan 
concluded his talk by showing motion 
pictures of the construction and testing 
of these distinctive airplanes. 


Wichita Section 
Melvin H. Snyder, Secretary 


The March 1 dinner meeting was 
held at Droll’s) English Grill, with 
Chairman Douglas C. Heimburger pre 
siding. ‘Thirty persons attended. 

After the dinner, 
opened with 


the meeting was 
a short talk by George 


Baughman, Staff Ingineer, Cessna 
Aircraft Company. Mr. Baughman is 
the LAS. delegate to the Wichita 


Council of Technical Societies and is one 
of the editors of the Wichita Tech News. 
He reported that the Council of Tech- 
nical Societies and other professional 
groups have joined together to organize 
the civilian defense program of Wichita. 
They plan to investigate all of the 
utilities and to make arrangements for 
help to, or operation of, the various 
facilities in the event of emergency. 
He solicited help and criticism from the 
members. 


ENGUNEERING RE 


The main speaker of the evening was 
M. Gordon, Chief, 
Group, \ireraft Corporation. 
Mr. Gordon spoke on the ‘Performance 


Aerodynamics 


Beec h 


Development of the Beech Mentor.” 
The Mentor is widely known as the 
Model 45 trainer Mr. Gordon stated 


that the objective of the design of this 
plane was to produce a trainer for the 
armed services comparable to the A-6 
in training potential but with less horse 
power and a lower 

The first of 


YTOSS weight. 

these planes to be built 
Was composed of a Bonanza power unit 
complete with cowling, Bonanza wing 
panels, and an em 
three 


pennage consisting of 


Bonanza tail-surface units Lo 


Student 


California State Polytechnic College 


Twenty-seven members and guests 


attended the January 9 meeting at 
which Student Members T. M. Epper 
son and Charles A. Johnson (Cor 


responding Secretary) spoke on “Dis 
sipation of Waste Heat in Radial 
Shock Wave Theory 


Flight.” A 


Engines” and on 


in High-Speed film, 


VIEW 


MAY, 


1951 


the original configuration was 
Continental 
with 


added a 
225 hp. engine equipped 
exhaust-jet augmentors, The 
structure was ‘‘beefed-up”’ for an ulti 
mate load factor of 10. Larger fue] 
tanks were installed in the wings, and 
considerable reworking was done on the 
empennage. The final gross weight js 
2,700 Ibs. The airplane has been 
certified by the C.A.A. in the acrobatic 
category. To date, three Mentors 
have been built. 

Mr: Gordon supplemented his talk 
with slides showing the various con. 
figurations as the plane progressed to its 
final form. He also showed a movie oj 
the Mentor performing acrobatics 


Branches 


N.A.C.A. Research Laborate ries, Was 


shown. Chairman Milo V. Price pre 
sided 

On January 23, Student Members 
Milo V. Price (Chairman) and Clinton 


Sherbourne (Vice-Chairman) presented 


talks on ‘‘Metal Bonding’’ and “The 
Big Cane.”’ Two films, Aircraft Pro- 
duction Processes— Manufacturing Meth- 


ods and Aircraft Production P) 


CESSES 
SOUTHERN CALIFORNIA’S I.A.S. STUDENT BRANCHES MEET 

Al joint meeti he 1.A.S. Student Branches in Southern California was held on Decembe 
at the Institu Western Headquarters in Los Angeles. Shown in the accompanying p 
are the represe) of the four schools concerned, the I.A.S. Western Manager, and th 
speaker of t) nip From left to right are: James C. Spriggs, Vice-Chairman, Cal-Aer 
Technical 1) Theodore R. Metz, Chairman, | niversity of Southern ¢ nid 
Ed M. Owen, Cl Flight Operations, Northrop Aircraft, Inc., and speaker of t ning 
Ernest W. R n, LAS. Western Manager; H. Dana Moran, Chairman, Northrop 
Aeronautical 1 and Howard Shavdal, representing California Instit ] 
nology’s Stude) nch. Messrs. Mets and Moran, who have since been graduated, presided 
jointly at th ned meeting. Mr. Owen's address covered the topic ‘Service 1 ng and 
Evaluation lircraft.” 
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Just a Few of Hermetic’s Amazing NEW 
Line of MINIATURE Glass-Metal Headers 


Today’s industrial and military production calls 
for myriad components and controls. The size of 
each part must, therefore, be kept to a minimum. 
As a result Hermetic, with its unequalled special- 
ized experience in hermetic seals, has developed 
and engineered a superb, thoroughly practical line 
of glass-metal headers in the smallest sizes ever 
made. 

These components have already passed stringent 
tests, are being used successfully and are ready to 
go to work for you, too. Available in unlimited 
shapes, they are unaffected by extremely high or 
low temperatures, high humidities, vacuums, high 
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Hermetic Seal Products Co. 


32-35 South Sixth St., Newark 7, N. J. 
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Shown in inset are two 8-terminal hermetic 
seals. The latest seal, at the right, fully 30% 
smaller than its old-style counterpart, will 
perform exactly the same function in a 
much smaller area. 


The Only Seals 
You Can Hot Tin Dip 
at 525° F. for Easy 
Assembly Soldering, 
for a Strain and 
Fissure-Free Sealed 
Part with Resistance 
of over 

10,000 Megohms! 


operating pressures, swamp test, salt water immer- 
sion and spray, etc. They can be produced sur- 
prisingly economically in large or small quantities, 
thus giving you every opportunity to determine 
how well these headers can perform with your 
own products. 


IMPORTANT: Terminals and Headers are Avail- 
able in RMA Color Code. 


Write for your copy 
of the most complete 
catalog ever produced 


on hermetic seals. 


r-------- 


HEADER SEAL 
GUARANTEED 
IMPERVIOUS 
TO EVERY 
ELEMENT! 
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NEW F-86 JET 
1S EQUIPPED! 


NORTH AMERICAN AVIATION Chose 


LEDEX ROTARY SOLENOIDS 
for DEPENDABILITY ! 


Humid tropics, sand-laden desert skies, frozen North or 
extremely high altitudes . . . the mew Air Force North American 
F-86A Sabre Jet Fighter is prepared to defend our nation under any 
conditions. Ledex Rotary Solenoids play an important part in this 
dependability. Several vital mechanisms are remotely controlled 
and powered by Ledex Rotary Solenoids. 


The same Ledex standard of dependable remote control and power 
is available for your product. The vast production a ipplications of 
Ledex Rotary Solenoids vary from the dependable snap-action op- 
eration of aircraft mechanisms to the powerful actuation of rugged 
hydraulic valves in heavy duty materials handling equipment. 


We supply to quantity users and solicit the opportunity to be of 
assistance in engineering a Ledex Rotary Solenoid to meet the re- 
quirements of your product. 


Write today for LEDEX ROTARY SOLENOID 
BASIC ENGINEERING DATA 


160 WEBSTER STREET, DAYTON 2, OHIO 


MAY, 21931 


Mock-up and Tooling, we 


creened 
Chairman Price presided 


members 
and guests were present 


Chairman Price opened thi February 
13 meeting at which Student Members 
Richard Campbell and HH. A. Bellows 
spoke on “Lear L-2 Automatic Pilot 


and “Firing Procedure for the V-2 
Rocket.’ Sailors with Wines RA} 
Action, and Curiosily hop were 
the films shown to the 27 attending 
members. Chairman Price presided 
On February 27, 27 members heard 


student Member Felicito 1. Majarucon 
speak on “Ceramic Turbine Blades 
his was followed by Edward Rogers 
Instructor, Hconomics Department, Cal 
Poly, who presented a lecture on “What 
an Employer Looks for an Appli 
eant.”” Two films, PBAl-3 Wing 
struction Test and Cyclone Combustio 
completed the meeting. Chairman 
Price presided 


The Catholic University of America 


On February 21, Samuel Levy, Stress 
engineer, National Bureau of Stand 
ards, presented a lecture on ‘Stresses on 
\ircraft) Structure.” After the talk 
a film, Free Turning Wind Tunn 
was shown to the 24 attending persons 
Chairman Charles J. Carney presided 


University of Cincinnati 


On February 19, Student Members 
Osear Dillon, and Odin R. Elnan 
were awarded the two annual Ferdinand 
L. Weston Memorial Prizes as the out 
standing senior aeronautical engineering 
students. Professor — Bradley Jones 
Head, Department of Aeronautical 
Engineering, made the presentations 
\ talk was also given on this occasion by 
G. Arleigh Dom, a former student at 
Cincinnati now working at The Glenn 
L. Martin Company. His subject was 
“Some Aspects of Aerodynamic 


sign 


Cornell University 


Phirty-one persons convened tot the 
February 13 meeting at which Chairman 
Alfred Ritter presided The speaker 
was Edward L. Resler, Jr., Research 
Associate, School of Aeronautical Engi 
neering, Cornell, who gave an address on 
“Research on Strong Wave 

On February 20, 32 person ithered 
to hear C. Smith, Project 
Engineer, Hamilton Standard [)ivision, 
United Aircraft Corporation, speak on 
“Propellers for High-Speed Flight 
Chairman Alfred Ritter presided 


University of Florida 


On February 14, Commander Wat 
kins, Planning Officer, Overhaul and 
Repair, Naval Air Station, Jackson 


wth 
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- for defense 


< 


i 
\ . . 
CUIDED Missiles using brain work for defense— 
— 
/ provide protection against attacking enemy aircraft. 
Designed and “flight-proven” by Fairchild, this 
/ surface-to-air missile is another development 


geared to the requirements of our Armed Services. 


Homing on radar impulses reflected by attacking 
aircraft, these missiles improve in accuracy as 


they approach their objectives. 


Designed and built by the Fairchild Guided Missiles 
‘ Division working closely with the Navy Bureau of 
—- SS Aeronautics and Naval Research Laboratories, 
a & = this is an example of combining the practical and 


theoretical to obtain superior results. 


L 


ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 
Guided Mitalles Division 


FARMINGDALE, N.Y. 


Other Divisions: Fairchild Aircraft Division, Hagerstown, Md 


Fairchild Engine Division, Al-Fin Division and Stratos Division, Farmingdale, N.Y 


\ 
Elna 
— 
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Wat 


specifica 
and mechanic 
The majority © 


electric 


ffi- 


enue 
o. 54th Aven 


sign Specifications, Plannin, 
curement in the Navy Department’ 


shown. 


hicle) ; 
Costa Francisco presided: 
attended. 


ville, Fla., presented a lecture on “De 


, and Pro 


Following his speech, two films were 
The first one was The NATIV 
(North American Test Instrument Ve 
the second was the Special 
Showing of Latest Aircraft. Chairman 


persons 


Georgia Institute of Technology 


Two films, The Battle of Midway and 
Xmergency Landing, at 
the February 2 meeting. Chairman 
Thomas C. Naughton led the meeting: 
30 persons attended. 

A film, The True Glory, was presented 
at the February 16 meeting. Chair 
man Thomas C. Naughton presided 
persons attended. 


were shown 


University of Illinois 


Lieutenant Colonel F. W. Dooley. 
Professor, Air Science and Tactics, Air 
R.O.T.C., University of Illinois, gave a 
talk on ““You and the Draft and the Air 
at the January 10 meeting 
Following his address, an election of 
officers took place with the following 


ree” 


results: Chairman, Corliss Laisure 
Vice-Chairman, James Watson; and 
Secretary-Treasurer, Elmer Schirmer 


Chairman H. A. Wallskog 
39 persons were in attendance 

On March Dr: J. MM. Coan; As 
sociate Professor of Aeronautical Engi 


presided 
‘, 
neering, spoke on ‘Job Opportunities 


Vice 


for the Aeronautical Engineer 
Chairman James Watson presided 
persons attended. 


Indiana Technical College 


Chairman Donald Wolfe opened the 
January 31 meeting at which 25 persons 
were present. Two tilms, Faster Than 
Sound and Farnborough Atr Show, wer 


screened. 


Louisiana State University 


Pierre Dupaquier was elected at the 
January 18 meeting to fill the vacancy 
in the position of secretary, created by) 
the graduation of the former secretary 
this February. Chairman Robert Daw 


son presided; 17 persons attended 


New York University 


was the 
16 


Chairman James A. Millet 
presiding officer of the February 
meeting at which the film, 7/e Story 
of the Flying Wing, was shown 
persons attended, 
On February 21, the first social ol 
the semester was held. It at 
tended by 50 members and their guests. 
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by Ampheno! — 
AMPHENOL Coax and Twinax Cables ore 
roduced to standards surpassing military 
| electrical perfor mance 
esign. 
\ utilize polyethy ene which possesses excep 
\ is used in others designed to operate em 
conditions. 
Wh AMPHENOL RG Cable standards require 
closer centering of conductors than “AN” 
7, specifications _20% closer for Coax and 
7 50% closer for Twins. Perfection of de- 
sign, quality of materials and precision of 4 
manufacture are basic factors behind the 
&. superior erformance of AMPHENOL 
Cables. Specify AMPHENO!: the quality 
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DESIGNERS AND BUILDERS OF PRODUCTS FOR 
PRECISION INDUSTRIES ‘ROUND THE WORLD 


AUTOMATIC PILOT AND 
FLIGHT PATH 
CONTROL EQUIPMENT 


AIRPLANE AND ENGINE 
INSTRUMENTS 


AUTOSYN* AND MAGNESYN* 
REMOTE INDICATING 
SYSTEMS FOR: 


Fuel Flow 

Fuel Pressure 

Hydraulic Pressure 

Liquid Level 

Manifold Pressure 

Oil Pressure 

Position 

Temperature 

Torque Pressure 

Water Pressure 
Fuel Flow Totalizing Systems 
Manifold Pressure Gauges 
Hectric Tachometer Systems 


Warning Units 


FLIGHT AND NAVIGATION 
INSTRUMENTS 

Accelerometers 

Airspeed Indicators 

Attitude Horizon Indicators 


Dual Radio and Magnetic 
Compass Indicators 

Gyro Flux Gate* Compasses 

Magnetic Compasses 

Rate of Climb Indicators 

Turn and Bank Indicators 

ODR Components 


POWER SUPPLY EQUIPMENT 


Alternators 

Control Panels 

Fault Protection Systems 
Generators 

Inverters 

Line Relays 

Overvoltage Protectors 
Reverse Current Cutouts 
Voltage Booster Dynamotors 
Voltage Regulators 


Power Failure Indicators 


AIR PRESSURIZATION 
AND ICE 
ELIMINATION EQUIPMENT 


Electronic and Mechanical 
De-Icer System Timers 

Oil Separators 

Pumps 

Valves 


TETERBORO, NEW JERSEY 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, New York 


Pressurization and Control 
Units 


ENGINE STARTING 
EQUIPMENT 


Booster Coils 
Induction Vibrators 
Relay Switches 


Starters 


ENGINE CONTROLS 


Automatic Engine Power 
Controls 

Automatic Engine Boost 
Controls 


MISCELLANEOUS 


Actuators—Linear and Rotary 
Differential Pressure Switches 
Oxygen Regulators 

Gear Boxes 

Flexible Drive Shafts 

Turbine Power Supplies 


SPECIAL PURPOSE 
ELECTRON TUBES 
Amplifier Tubes 
Counter Tubes 
Gas-Filled Control Tubes 
Klystron Tubes 


Rectifier Tubes 
Spark Gaps 
Temperature Tubes 


Voltage Regulator Tubes 


PRECISION COMPONENTS 
FOR SERVOMECHANISM 
AND COMPUTING EQUIPMEN' 

Autosyn Synchros 
(Transmitters, Receivers, 
Differentials, Control Trans- 
formers, and Resolvers) 

Amplifiers 

Low Inertia Motors 

Servo Motors and Systems 

Transformers 

Gyros 

Rate Generators 

Stabilization Equipment 

Remote Controls and 
Indicating Systems 


FOUNDRY PRODUCTS 


Sand, Permanent Mold, and 
Die Castings of Magnesium 
and Aluminum, for a wide 
variety of Aircraft and 
Industrial Applications. Non- 
Ferrous Precision Plaster 
Mold Castings. 


*accistereD TRADEMARK OF BENDIX AVIATION CORPORATION 
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Northrop Aeronautical Institute 


An election of officers was held at the 
February 15 meeting with the following 
results: Chairman, J. C. Chaffee; 
Vice-Chairman, E. F. Noel; Secretary, 
H. G. Young; and Treasurer, L. M. 
Nelson. Chairman H. D. Moran pre 
sided; 56 persons attended. 

A North American film, Structures, 
was shown at the March 7 meeting. 
Chairman Chaffee presided; 70 persons 
were present. 


University of Notre Dame 


On February 15, the following officers 
were elected: Chairman, David Med 
wid; Vice-Chairman, Gordon  Brick- 
son; Secretary, William Grunske; and 
Treasurer, James Foley. 


The Ohio State University 


A field trip was made on February 23 
to Wright-Patterson Air Force Base, 
Ohio, where a conducted tour of the 
base’s general activities was 
Thirty-five persons made the trip. 


made. 


The University of Oklahoma 


On February 22, a joint meeting was 
held with the S.A.E. and A.S.M.E. 
student branches. The speaker was 
Dr. F. D. Frey, Chief Chemist, Deep- 
rock Oil Company, who presented a 
talk on ‘Present-Day  Lubricants.”’ 
David N. Grimes, President, S.A.E. 
Student Branch, presided. The total 
attendance was 55. 


Oregon State College 


On February 21, a motion picture, 
Target for Tonight, was 
Chairman Richard L. 


11 persons attended. 


presented. 
Sears presided; 


Purdue University 


On February 14, Chairman Richard 
Max Clayton led the meeting attended 
by 90 persons. Dr. Milton U. Clauser, 
Head, School of Aeronautics, and 
Merrill E. Shanks, Professor of Mathe- 
matics and Aeronautics, spoke on prob 
lems involved in the axial-flow com- 
pressor design of a jet engine. 


Stanford University 


On February 23, ten persons went on 
a field trip to United Helicopters, Inc., 
where they were shown through the plant 
by D.R. Jacoby, Chief Aerodynamicist. 


Agricultural & Mechanical College of 
Texas 


Fred E. Weick, Director, Personal 
Aircraft Research Center, Texas A. & 
M., lectured on ‘‘Safety and the Agricul- 


AL ENGINEERING 


tural Airplane’ at the November 8 


meeting. Chairman Robert Bryan 
English presided; 20 persons attended. 


On December 13, a joint LAS. 
S.A.E. student branch meeting was held. 
Mr. Guyton, Test Pilot, Chance Vought 
Aircraft Division, United Aircraft Cor- 
poration, spoke on “The Chance Vought 
Cutlass.” S.A.E. President Richard 
R. Tumlinson presided; 85 persons 
attended. 
Chairman Eng led the February 
28 meeting at which a film, Tacoma 
Narrows Bridge, was shown. 


Ten mem- 
bers were present 


Tri-State College 


On February in Aluminum Com- 
pany of America film, Curiosity Shop, 
was shown to the 20 persons present. 
Chairman Don M. Carroll presided. 


REVIEW 


MAY, 


1951 


On February 15, another Alcoa film 
This Is Aluminum, was s reened. 
This was followed by a Sperry Gyro- 
scope Company film, Gyrosyn Compass. 
Twenty-four persons were in att ndance. 
with Chairman Carroll presidin, 


Wayne University 


On January 9, the following were 
elected to office: Chairman, Ronald 
Barcus; Vice-Chairman, Roman fF 
Baruta; Treasurer, Harold 
and Secretary, Gerald L. Goldberg 
Vice-Chairman Floyd Jones presided 
12 persons attended. 


Bryman: 


West Virginia University 


On February 8, a film entitled Rain 
was shown to the 11 attending persons 
Chairman Sam Hill presided 


Members Elected 


The following 
grades have beet 
REVIEW 


Elected to Associate Fellow Grade 


Smelt, Ronald, M.A., 
namics Facility, AR¢ 


Chief, Gas Dy 
), Inc 


Transferred to Associate Fellow 
Grade 


Diederich, Franklin W., M. of Ac.E., 
Aero. Research Scientist P-6, N.A.C.A., 
Langley Air For 
graduate engineeri 
of Virginia 

Dobson, Franklin A., BS., 
Engineer in Charg 
Aerophysics Lab 
tion, Inc 


Base; Lecturer in 


ig subjects, University 


Project 
f Structural Research, 
North American Avia 


Mangurian, George N., S.M. in Civil 
Engineering, Chief Structural Engineer, 
Northrop Aircraft, In 


Elected to MEMBER Grade 


Argall, Frank L., Dir. of Training of 
Aero. Engineering School, Cal-Aero Tech- 
nical Institute 

Baldwin, Robert J., B.S., Project Engi 
neer, McDonnell Aircraft Corp. 

Bishop, Paul M., B.S., Staff Engineer, 
Equipment Planning, 
Inc. 

Carey, John C., B.S.E.E., Chief Engi- 
neer, Western Design & Mfg. Corp 

Golkowske, William G., Chief of Region 
III, Civil Aeronaut 
Safety Investigation 

Halfman, Robert L., S.M. in Ae.E., 
Asst. Prof. of Aero. Engineering, Massa- 
chusetts Institute of Technology. 

Himka, Theodore, B.S. in A.E., Aero- 
dynamicist, Sverdrup & Parcel, Inc 


American Airlines, 


ics Board, Bureau of 


pplicants for membership or applicants for change of previous 
lmitted since the publication of the list in the last issu 


of the 


Hodson, Roy F., Project Engineer, Air 
craft Analysis Section, American Airlines, 
Ine 

Holliday, Ivar M., B.S.M.E., Research 
Physicist, Computers & Controls Section, 
Research & Development Lab., 
Aircraft Co 


Hughes 


Jaworski, Adam, LL.D., Acro. Research 
Engineer, Air Transport Board (Canada 

King, B. Wensley, B.Sc. (Civil Engi 
neering), Managing Dir 
scope Co. of Canada, Ltd 

Klein, Frank D., S.B., Head, Aviation 
Group, Engineering Div., Marketing 
Dept., Esso Standard Oil Co 


Sp rry Gyro 


Lawrence, Alfred N., BS. in EE, 
Mer., Eastern Office, Lear, Inc 

Mirowitz, Leo 1., B.S.E.E., Sr. Research 
Engineer, McDonnell Aircraft Corp 

Pearson, Ernest O., Jr., BS.ME., 
Staff of the Dir.; Asst. Chief, Acrody 
namic Research Div., N.A.C.A. Hdgs 
(Washington, D.C.). 

Quinn, John J., A.E., Engineering Test 
Pilot, Northrop Aircraft, Inc 

Reichel, Andre W., Engineering Co- 
ordinator, Kearfott Co., Inc 

Steele, Harry M., Jr., M.E., Research 
Engineer, Aerodynamics, Hughe Aircrait 
Co. 

Swartz, Jerry M., Design & Liaison 
Engineer, Lockheed Aircraft Service Corp 

Ungashick, Thomas W., BS.ME., 
Chief Production Project Engineer, Fair- 
child Guided Missiles Div., Fairchild 
Engine & Airplane Corp. 


Ar 
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Desk-size, with plotting 
head which travels over top of 
desk. Cabinets attached to 
desk contain electronic control 
ee circuits, etc. Works with various types 
rson of IBM machines. 
Announcing the Automatic 
plots your graphs larger - 
r, Air 
line 


40 points per minute 


ection, faster Plotting speed: 


with Plots from graph paper 

— by counting grid lines 

greater and spaces, preventing errors 
ket caused by paper stretch, 
accuracy 


etc. Plotting accuracy: 
within = .25 mm 


rch 
.M.E., Your graphs can be plotted automatically For full specifications, 
= a now—in a fraction of the time it takes manually. for — — can = solve 
adqs our particular probiems, write: 
The Teleplotter operates from punched cards, stil sn 
est keyboard or other digital input; plots X-Y data on a 
linear or logarithmic paper. 
Co- ENGINEERING DEPARTMENT 
There are five scale factors, with 
search independent selection for each axis. TELECOMPUTI NG 
Aircraft 
These are only a few of the facts that make Teleplotter Se 
Liaison an important advance in automatic computing, Se, CSE 
ent an advance that can save your firm 
E., 
thousands of man-hours. 
tirchild 


There is only one Teleplotter—no other plotting device compares with it! 
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AK RONATL 


CNGINERRING REVI 


WESTON 
TEST 
EQUIPMENT 


Mutual Conductance 
ELECTRONIC TUBE ANALYZER 


Model 686 is an “all purpose” tube ana 
lyzer that tests tubes under exact operat 
ing potentials. Accurately determines tru: 
mutual conductance of all tubes both in 
accordance with manufacturer’s rated op 
erating conditions, as well as at other 
values for non-standard applications. 


High Frequency 
ELECTRONIC ANALYZER (Model 769) 


Three instruments in one: a Volt-Ohm- 
Milliammeter with self-contained power 
source—a high impedence electronic Volt- 
Ohmmeter using 115 volt 60 cycle power 

a stable, probe type Vacuum Tube Volt- 
meter for use to 300 megacycles. 


Portable Mutual Conductance 
TUBE CHECKER (Mode! 798) 


For general testing of all receiving tubes, 
voltage regulator tubes and thyratron 
tubes. Provides mutual conductance 
ranges 3000/6000/ 12000 micromhos. 


Order through your local WESTON 
representative; or write for literature... 
Weston Electrical Instrument Corpora- 
tion, 575 Frelinghuysen Avenue, Newark 
5, New Jersey...manufacturers of Weston 
and TAGliabue instruments. 
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Transferred to MEMBER Grade 


Auld, Charles D., Asst. 
Wind Tunnel I, Aero. Lab., David Taylor 
Model Basin, Dept. of the Navy . 


Broadbooks, Norman B., in 
Acrodynamicist, North American Avia. 
tion, [ne 


Connelly, John J., Jr., Lt 
(j.8.), ULS.N.; Airframes Officer, Naval 
Multi-Engine Patrol Squadron, Nayal Air 
Station (Patuxent River ) 

Griffin, Bradford J., Assoc in Ae.E 
Layout Draftsman, Guided Missil Group, 
Grumman Aircraft Engineering Corp 

Haneman, Vincent S., Jr., MS 
Ac. Research Engineer, 
Research Institute, Acro 
Dept., University of Michigan 


in 
I: ngineering 
ligineering 


Hurc, Cass F., B.S. in Ac.E., Head, 
Acro. Engineering Drawing &  Lofting, 
Phe Acro. University, Ine 

Lindow, Carl V., A.A. in Ac.E., Asst 
Chicf Stress Engineer, A. V. Roe Canada 
Ltd 

Marth, Verlyn G., B.S. in Ac.E., Flight 
Fest Engineer, Douglas Aircraft Co., Ine, 
(Santa Monica ) 

Morrow, William J., Aircraft 
Power Plant Design & Development Engi 
neer, Air Materiel Command, Wright 
Patterson Air Foree Base 

Shieber, Herbert, B.S. in C.E., Strue- 
tural Test Engineer, MeDonnell Aireraft 
Corp 

Woodworth, Joseph E., MS., Aero- 
dynamicist, Douglas Aircraft Co., Ine 
Segundo ) 

Zmola, Paul C., Ph.1)., Development 
Engineer, Oak Ridge National Lab 


Elected to Associate Member Grade 


Bobrick, Arthur President, Sobrick 
Mfg. Corp 

Hull, Clyde W., Jr., Mgr. of New York 
Oflice, Solar Aircraft Co / 

Laskowitz, Isidor B., 
ent Research — Design & Development of 
Rotary Wing Aircraft 


Elected to Technical Member Grade 


Bellian, W. Seaton, Technician, Flight 
resting of Gas Turbine Engines, A. V. Rov 
Canada Ltd. (Malton) 


Kalstad, Henry M., BS.Ac.E., Lt 
U.S.N.; Asst. Engineering Officer & Main 
tenance Cost Accounting Ofticer, Westover 
Air Force Base 


McKee, Ralph D., Major & Rate 
Acrial Navigator, U.S.A.F 


New, Noah C., M.S., Ist Lt. & Pilot 
U.S.M.C.R., M.C.A.S. (Quantico 


Newell, Joseph S., Jr., B.S., Structures 
Engineer, Bell Aircraft Corp 

Nordling, Olof V. Tore, Civ. |! In 
structor, Royal Institute of Pechnology 
Project’ Engineer, Royal Swedish At 
Board 


Smiley, Robert F., B.S. in E.1., Acre 
Research Scientist GS-9, Landing Loads 
Branch, N.A.C.A., Langley Air Foret 
Base 
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... with elbow swivel nut 
and flanged 


FORGED ALUMINUM 


hose fittings 


Resistoflex now makes available the latest and long- 
awaited improvement in aircraft hose fitting design. 
Proved in jet and gas turbine engine service for over 
two years, this development offers you the advantages of 
hose fittings produced from aluminum forgings. 

This construction allows smaller bend radii, and so 
saves space. Forged aluminum not only provides uni- 
form, peak strength but also savings in weight. It as- 
sures extra resistance to fatigue. Machined with true 
internal bends, Resistoflex fittings minimize turbulence. 

Full information and flow test data 
in this new catalog — write for it today. 


RESISTOFLEX 


CORPORATION 
Belleville 9, New Jersey 
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LESISTOFLEX comes through 

= man 
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ENGINE! 


RING RE 


ESPECIALLY DES@GNED 


FOR THE HIGH 
DEPENDABILITY NEEDS 


OF AIRCRAFT 


CONCAVE X 


Aircraft Bearings 


For 32 years Shafer ConCaVex bearings 
have been demonstrating their unrivaled re- 
serve capacity and dependability in the 
World’s toughest applications. 

In the air, from the day “aeroplanes” be- 
came “aircraft,” Shafers have been recog- 
nized as inseparable teammates of all vital 
control mechanisms in practically every type 
of commercial and military aircraft. 

For aircraft bearing dependability .. . 
today or tomorrow . . . look to SHAFERS. 
You'll find they surpass YOUR every expec- 
tation just as they surpass every rigid Army 
and Navy specification. 


SHAFER BEARING CORPORATION 
801 Burlington Ave. e 


Downers Grove, Illinois 


Single Row, Double Row 
and Rod End, Self-Align- 
ing, Shielded, Aircraft 
Roller Bearings 


} 


@ INTEGRAL SELF ALIGNMENT 
ConCaVex compensates for shaft de- 
flection, misalig and install 
tion inaccuracies. 

@ RADIAL LoaDs 
Rollers stay parallel, maxi. 
mum radial capacity without binding, 


skewing or end wear. 


© THRust Loaps 
Takes end-thrusts with full freedom- 
of-action—no nee of auxiliary 
means for absorbing thrust. 


‘COMBINED LOADS 

Takes radial-thrust loads in any com- 
bination, under all conditions of align- 
ment. 


SHOCK RESISTING 

Provides extra resistance to abner- 
mal shock and impact loads—ea vital 
a safety, efficiency and life 
actor. 


@ POSITIVE CONTACT SEALS 
Fabric impregnated Buna-N Washers 
plus stainless steel shields—perma- 
nent, self-aligning, self-wiping, free-j 
running. 

RUGGED CONSTRUCTION 

Races and rollers fabricated from 

$.A.E. 52100 steel. inner and outer 

races are one-piece design. Exposed 
bearing surfaces are cadmium plated. 


Write for Ne 
Aircraft Bearing Catalog No. 50 
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Worth, Charles J., Patent 
Asst. & Patent Draftsman, 
turers Aircraft Assoc. 


Research 


Manutfac- 


Transferred to Technical Member 
rade 

William A., Engineering 

North American Avia. 


Armstrong, 
Draftsman 
tion, Inc. 

Bachman, John A., Jr., B. of A.E., Jr 
Engineer, Boeing Airplane Co. (Seattle) 

Baldwin, Richard, B.S.Ae.E., Hydraulic 
Development Engineer, Automatic Switch 
Co. 

Barrett, Anthony J., M.S. in 
Stress Analyst, Handley Page, Ltd 

Bartel, Cecil Ray, Sr. Detailer, Design 
Group, Chance Vought Aircraft Diy, 
United Aircraft Corp. 


Briggs, Phillip E., Layout Draftsman, 
Power Generators, Ltd. 

Broere, Richard B., B.S 

Brook, John C., B.S.Ae.E., Jr. Engineer, 
Boeing Airplane Co. (Seattle) 


Cady, Joseph G., B.S. in Ae.E. Gradu 
ate Asst., College of Applied Science, 
Syracuse University. 

Carlisle, Thomas S., B. of Ae.E., Jr 


Engineer ‘‘B,”’ 
(Wichita 

Carter, Arthur M., Jr., M.S. in Ae.E 
Lt. Comdr., U.S.N.; Asst. Superintend 
ent, Aero. Materials Lab., Naval Air 
Material Center, Naval Air Experimental 
Station (Philadelphia). 

Caruso, Charles P., B.S. in A.E., 2nd 
Lt., U.S.A.F. 

De Carlo, Joseph, Teacher, Constr. & 
Maintenance, Sikorsky Aircraft Diy 
United Aircraft Corp. 

Delaney, Jack, Jr. 


Eisenhart, Robert D., B.S. in Ae.E., Jr 
Engineer ‘‘A,”’ Boeing Airplane Co 
(Seattle ) 

Felder, Harry, B. of Ae.E., Design Engi 
neer, Consolidated Vultee Aircraft Corp 
(San Diego). 


Foss, Warren L., B.S., Capt. & Inspec 


Boeing Airplane Co 


tor, I1.G. Unit, U.S.A.F. 

Gorse, Norville J., B.S.Ae.E., Pilot 
Design & Development Officer (Aircrait 
U.S.A.F.R. 

Gourd, Paul E., Lt. & Navigator, 


U.S.A.F 

Grande, Donald L., B.S. in Ac.E., Engi 
neering Technician, Lockheed Aircralt 
Corp 

Greenwood, John E., Stres 
North American Aviation, In¢ 

Hooper, Alton V., B.S., Aero. Engineer, 
Sverdrup & Parcel, Inc. 


Engineer 


Horner, William B., B.S. in AcE 
Stress Analyst, North American Aviation, 
Inc 


Justin, Joseph W., Engineering Dralts 
man, North American Aviation, [1 

Kvietkus, John, B.S.Ae.E., Designer, 
Boeing Airplane Co. (Seattle 

LaBella, Sebastian. 

Lorenz, Bernard C., B.S.Ae.E., 2nd Lt 
& Pilot Trainee, U.S.A.F. 


} 
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NOW IN 
PRODUCTION 


the new Kidde 
4-stage compressor 


A lightweight compressor is now in production that makes pneu- 
matic power practical in aircraft. This new Kidde compressor 


at 35,000 feet will, from ambient pressure, deliver one cfm of 


Include: 


ain COMPRESSORS 
REGULATORS 


suRE 
HIGH PRES ES 
CONTAINERS & VALV 


SELECTOR VALVES 
GUN CHARGERS 
RELIEF VALVES 
pRESSURE SwitCcHES 
CHECK VALVES 
MOISTURE SEPARATORS 
pneumatic FUSES 
BACK-PRESSURE VALVES 


free air compressed to 3,000 psi. At sea level it will deliver four 
cfm of free air compressed to 3,000 psi. The sea level perform- 


ance can be maintained at altitude when inlet air is pressurized. 


This big step forward in pneumatics is the result of years of 


careful experimentation by Kidde engineers. It is the latest i: 


the line of pneumatic developments listed in the box at left. 


If you feel that a lightweight source of power can help you in 


actuating airborne equipment — get in touch with Kidde. 


Cialale 


Walter Kidde & Company, Inc., 511 Main Street, Belleville 9, N. J. 
Walter Kidde & Company of Canada, Ltd., Montreal, P. Q. 
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ENGINEERS 


The Aircraft Gas Turbine Division of the General Electric 
Company has openings available, both at Lockland, Ohio, 
and Lynn, Mass., for technical personnel holding degrees in 

Mechanical Engineering 

Aeronautical Engineering 

Electrical Engineering 


Metallurgical Engineering 
Physics 


Excellent opportunities for men who have had experience 
in research, engineering design, analysis, experimental in- 
vestigations, or development. The broad fields of applica- 
tion include 


Mechanical Design 


Rotating Structures 
Stationary Structures 
Specialty Structures 
Bearings and Gears 


Stress Analysis 
Heat Transfer 


Fluid Mechanics 


Fuel Systems 
Lubrication Systems 
Hydraulics 


Aerodynamics 
Thermodynamics 


Controls 


Servomechanisms 
Electrical 
Electronic 
Hydraulic 


Materials and Processes 


Instrumentation 


If you would like to be considered for these positions, please 
send your résumé to 


Technical and Supervisory Personnel 
Aircraft Gas Turbine Divisions 


GENERAL @@ ELECTRIC 


920 Western Avenue 
West Lynn, Mass. 
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Manak, Frederick W., B.S., Asst. Stress 
Analyst, Propeller Div., Curtiss-\ right 
Corp 

Mathis, Kenneth A.. Aero Mathema- 
tician, Northrop Aircraft, Inc 

Mayer, Martin A., B.S.Ae.E., Engineer 
ing Trainee (Material Control), 
Bros. Gear & Machine Corp 

Metcalfe, Kenneth C., B.S. (Aero. 
Designer “B,” Engineering Divy., Boeing 
Airplane Co. (Seattle). 

Metz, Theodore R., B.E. in MRE 
(Acro. ), Aerodynamicist, North American 
Aviation, Inc 

Naegele, Robert J., I, B.S., Acrody- 
namicist, Lockheed Aircraft Corp 

Nelms, William L., Tech. Sgt.—Air- 
plane Maintenance Technician (Inspee- 
tor), U.S.A.F 

Nuschke, Charles L., B.S. in Aek. 
2nd Lt. & Pilot Trainee, U.S.A.F 

Pryor, Howard M., Capt., U.S.AF.: 
Procurement Project Officer, Procurement 
Div., Hdgs., Air Materiel Command, 
Wright-Patterson Air Force Base 

Rodenbaugh, William L., B.S.A-E., Jr 
Engineer, Research Dept., Wright Aero 
Corp. Div., Curtiss-Wright Corp 

Schultz, Edwin R., B.S.Ac.E., Aero 
Engineer, McDonnell Aircraft Corp 

Shields, Mack E., B.S. in Ae.E., Jr 
Engineer, Aerodynamics Section, Chance 
Vought Aircraft Div., United Aircraft 
Corp. (Dallas). 

Sparre, Erik, B. of Ac.E., Aircraft Engi 
neer “B,”’ Airframe Engineering Section, 
Engineering Dept., United Air Lines, Inc 

Stockstill, Charles J., B.S., 2nd Lt. & 
Navigation Student, U.S.A.F 

Tarr, John, B.S.Ae.E., Jr. Engineer, 
Piasecki Helicopter Corp 

Weatherly, Lloyd H., Jr., B.S.AcE., 
Asst. Division Engineer, Aircraft & Ma 
chine Tools Div., S.K.F. Industries, Inc 


Foote 


Attention Members! 


All members of the Institute 
invited to submit material concerning 
their activities for publicatior the 

News of Members’ columns of the 
Aeronautical Engineering Review 
Responsibility for new develor 
awards or honors received 
pointments to new or additional 5 
tions are some of the items that y 
editors believe are of interest to other 
|.A.S. members A brief letter 
postal card giving exact details will be 
suHicient. Photographs accompany 
ing news items will be welcomed and 
will be used where practicable 

Items submitted will be cor 
on the basis of their timelines 


aa 


general interest. Correspond 
should be addressed to the 
Editor, Aeronautical Engine 
Review, 2 East 64th St., New 
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A “needle in the sky,” the visible display of a 
modern fuel measuring system at work, guides the 
pilots of modern combat aircraft. Absolute re- 
liability, under all conditions, is required. 

When Simmonds Aerocessories first came out 
with electronic fuel gaging, the then- existing 
methods of fuel measurement became almost ob- 
solete. Simmonds’ concept of fuel gaging has since 
proved itself over billions of air miles on leading 
commercial and military aircraft. 

As a result of its continuous research, Simmonds 


SIMMONDS 


Simmonds Products, Inc. 


AEROCESSORIES, 


Aerocessories introduces the PACITRON Elec- 
tronic Capacitance Type Fuel Gage. This high- 
precision, low-weight system meets present needs, 
including compensation for jet fuels, and antici- 
pates certain future requirements. 

Conveniently interchangeable units, fewer vacu- 
um tubes than comparable systems and a tank unit 
adaptable to complex fuel tank geometry, are out- 
standing features. 

The story of PACITRON is told in a 12-page, 


illustrated bulletin, now available upon request. 


INC. 


Tarrytown, N. Y. 


Manufacturing Division: Vergennes, Vermont 
Sales Offices: Glendale, Cal. * Dayton, Ohio * Baltimore, Md. * Montreal, Canada « Seattle, Wash. 


More SIMMONDS Products 


Push-Pull Controls « Fuel Compensators ¢ Hydraulic 

Fuses ¢ Hydraulic Remote Actuators « Hydraulic Irreversible Power 
Actuators « Toggle-Type Cowling Latches e Engine Fuel Metering and 
Control Equipment e Aircraft Fire Detection Systems ¢ Fuel Flow Distribu- 
tors « Aircraft Fire Protection and Extinguishing Equipment e Spark Plugs. 
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provide U.S. Navy with “Balanced Power” 


REVIEW—MAY, 19651 
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‘BIG FOUR” 


Experience with all four modern 
types of power for aircraft in one 
manufacturing plant is unique. Yet 
Douglas has that experience as the 
result of prudent, peace-time plan- 
ning with the Navy. 

Best known of these Big Four is 
the AD-Skyraider. This reciprocat- 
ing-engined attack bomber has been 
in production since 1946, and is now 
a battle-tested veteran after years 
of service with the Fleet. 

In 1950 the twin-jet F3D Sky- 
knight was started down the 
production line at El Segundo, fol- 
lowing enthusiastic reports from 
Navy test pilots. 


ROCKET ENGINE delivers supersonic 
speed for Douglas “Skyrocket” (top). 


TWIN-JET ENGINE gives pure jet 
thrust for Douglas F3D “Skyknight” 
(second). 


Now being flight tested in prepa- 
ration for line production is the A2D 
Skyshark, turbo-prop attack plane. 
And above Edwards Air Base the 
rocket-powered D-558-2 Skyrocket 
is thrusting its needle-nose into the 
thin air, looking for scientific data 
that will help build newer type air- 
craft still in the classified status. 
By carefully manipulating the 
design, development and production 
of these diverse power types, the 
Navy and Douglas have arrived at 
a flexible, “balanced power” posi- 
tion from which our air strength 
can be increased without delay. 
Douglas Aircraft Company, Inc. 


. TURBO-PROP ENGINE combines speed 
\. and endurance for Douglas A2D 
“Skyshark” (third). 


RECIPROCATING ENGINE 
provides work-horse 
efficiency for Douglas 
AD “Skyraider” 
(bottom). 


WORLD'S. LARGEST BUILDER OF AIRCRAFT FOR 30 YEARS > MILITARY AND COMMERCIAL TRANSPORTS 
“ FIGHTERS > ATTACK PLANES > BOMBERS » GUIDED MISSILES > ELECTRONIC EQUIPMENT> RESEARCH 


Skilled engineers and technicians find 
Douglas a good place to work! 
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HEREVER THEY 


‘it’s with Eicor’s 


ALTERNATOR 


EXCITER REGULATOR 


fast 
Slow 


.- ho matter what the requirements of modern aviation are, 


INVERTER 


Eicor products stand for the best in sensitively con- 


trolled current under any and all flying conditions. | 


— 
EICOR, INC. 


1501 West Congress Street 
Chicago 7, Illinois 


PIONEERS IN ELECTRONIC CONTROLS FOR AIRCRAFT POWER ¢ \ 


RSION. EQUIPMENT 
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Al Guide to the Current Literature of 


|. PERIODICALS AND REPORTS 
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There’s 


IMPACT 
RESISTANCE 


ON LINK JET TRAINER 
STAIR WELLS 


Link Jet Trainers have to be rugged to stand up under the daily abuse given 


them by class after class of fledgling pilots. To insure maximum impact resistance 
and skid-proof safety, stair wells are built of three-dimensional design strengthened 
Stainless RIGIDIZED METAL. The great structural strength of this durable metal 
gives it extra life with minimum upkeep. e 6-WL design conceals dents, scuffs 
and scratches, keeps a neat surface Taraiuane. RIGIDIZED METALS have been 
applied to limitless other aviation jobs—flooring, panels, galley equipment, loading 
ramps are a few examples. For maximum strength with minimum weight, impact 
and skid resistance, surface protection, and CONSERVATION OF CRITICAL 
MATERIALS, investigate the ways RIGIDIZED METALS can do your special 
aviation job best. 


Send for your copy of the 


RIGIDIZED METALS IDEA HANDBOOK U 
TODAY al 


676 OHIO STREET, 


BUFFALO, N. 


RING REVIEW MAY, 
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Aerodynamics (2) 


High Speed Aerodynamic Problems of Turbojet Installations, 


H. Luskin and H. Klein. (American Society of Mechanical 
Engineers, Annual Meeting, New York, December, 1950 reprint. 
Douglas Aircraft Company, Inc., Report No. SM-13839, Septem. 
ber 1, 1950. 71 pp., illus. 18 references. Analysis of the per- 


formance requirements of a turbojet installation from 


the stand- 
point of the 


aerodynamics of a high-speed airplane 
BOUNDARY LAYER 


The Interaction of Shock Waves with Boundary Layers ong 
Flat Surface. I’. W. Barry, A. H. Shapiro, and E. P 
Journal of the Aeronautical Sciences, Vol 18, No. 4, 
pp. 229-2380, 270, illus 


Neumann, 
April, 1951, 
11 references 

Results of tests in the M.1I.T. &- by 8-in. wind tunnel at q 

Mach Number of 2.05 and Reynolds Numbers of 1.1, 2.5, 6.0, and 
12 X 10° are presented in the form of schlieren photographs that 
show the interaction of shock waves produced by a 
tor (airfoil) with the boundary layer of a flat plate 

Influence of Wall Boundary Layer upon the Performance of an 
Axial-Flow Fan Rotor. Emanuel Boxer U.S., N.A.CAg 
Technical Note No. 2291, February, 1951. 21 pp., illus. 3 
references 
Readers’ Forum: On the Theory of Heat Transfer Through a 
Laminar Boundary Layer. Arthur N. Tifford. Journal of the 
cleronautical Sciences, Vol. 18, No. 4, pp. 283, 284. 4 references, 
The Laminar Boundary Layer on a Rotating Blade. 

Eugene Fogarty. Journal of the Aeronautical Science 

No. 4, April, 1951, pp. 247-2852, illus 


shock genera- 


Laurence 

Vol. 18, 
11 references 
Development of the boundary-layer equations for a blade 
rotating steadily in an incompressible fluid. The analysis deals 
with the portion of a blade of infinite span which is several chord 
lengths from the axis of rotation, but results are applicable overa 
large portion of the span of high-aspect-ratio blades 


On Stability of Free Laminar Boundary Layer Between Parallel 


Streams. Martin Lessen U.S., N.A.C.A., Report No. 99, 
1950. 9 pp., illus. 22 references. Superintendent of Docu- 
ments, Washington. $0.15 

The Tollmien-Schlichting theory of small disturbances is used 


to analyze and calculate the stability of the free laminar boundary 
layer between parallel streams of semi-infinite extent in an in 
compressible fluid 


The solution is carried out for a flow in which 


one of the streams is assumed to be at rest 


Turbulent Boundary-Layer Temperature Recovery Factors in 


Two-Dimensional Supersonic Flow. Maurice Tucker and 
Stephen H. Maslen U.S., N.A.C.A., Technical Note No. 2296, 
February, 1951. 21 pp., illus. 13 references 

An extension of Squire’s low-speed analysis of incompressible 


flow to the case of two-dimensional supersonic flow along a ther 
mally-insulated surface rhe variation of turbulent tempera 
ture velocity factor is tabulated for a Prandtl Number of 0.69, 
0.70, 0.75 and for a Mach Number of 0, 3, 6, 10 for variou 
of the velocity parameter 


values 


An Analytical and Experimental Investigation of the Skin 
Friction of the Turbulent Boundary Layer on a Flat Plate at 
Supersonic Speeds. Morris W. Rubesin, Randall C. Maydew, 


and Steven A. Varga U.S., Technical \ 

2305, February, 1951. 38 pp., illus. 18 referenc« Critical 
review of various analyses of the prediction of skin friction on a 
flat plate with a compressible turbulent boundary layer sper 


mental evaluation 


CONTROL SURFACES 


Estimation of Low-Speed Lift and Hinge-Moment Parameters 
for Full-Span Trailing Edge Flaps on Lifting Surfaces with and 


Without Sweepback. Jules B. Dods, Jr. U.S, C.A 
Technical Note No. 2288, February, 1951 17 pp 10 
references Development of a method based on lifting-surlac 


theory. Sample calculations are presented for one airfoi 
Method for Calculating Lift Distributions for Unswept Wings 
with Flaps or Ailerons by Use of Nonlinear Section Lift Data. 
James C. Sivells and Gertrude C. Westrick bE ( A 
Technical Note No. 2283 illu ) refer 


ences 


, January, 1951 63 pp., 
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RB-36D version of famed intercontinental bombe: 


...and see what makes it potent 


HE Convair B-36 has speed, manueverability, puters make the defensive counterpunching faster 

firepower, accuracy, eyes that see in the dark, and more accurate. 

and power to get to extreme altitudes. Here’s Ignition transformers on the engines, tiny fractional 
how it gets these qualities. horsepower motors in the propellers, governors on 
A special General Electric turbosupercharger system the power system, position indicators, voltmeters, 
soups up the piston engines to give normal rated ammeters —all do their part in keeping the big 
horsepower up to extreme altitudes. Four G-E J47 bomber strong. 
jets supply more than 20,000 pounds of additional Like any artist proud of his work, General Electric 
thrust. places its signature on these products. For more 
A G-E remote control armament system locates the information on aircraft equipment that wears this 
gunner in a pressurized compartment away from his badge of dependability, telephone your nearest G-E 
guns. G-E fire control radar tracks attacking fighters aviation specialist or write Apparatus Department, 
to supply aiming information. G-E electric com- General Electric Company, Schenectady 5, New York. 
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FLUID MECHANICS & AERODYNAMIC THEORY 


Fluid Motions Whose Kinematics Are Independent of the 
Compressibility of the Fluid. I). 11. Parsons. Quarterly Jour 
of Mechanics and Applied Mathematics, Vol. 3, Part 4, December 
1950, pp. 446-451. General account of the theory 

Experimental Measurement of Incompressible Flow Along a 
Cylinder with a Conical Nose. FE. V. Laitone. Jour) 
Applied Physics, Vol. 22, No. 1, January, 1951, pp. 63, 64, illu 
2 references 

Comparison of test results on two aluminum bodies, each with 
conical nose and a cylindrical afterbody, at zero angle of attack, 
M = 010,and R = 2.5 X 108. The models were tested in th 
3- by 3-ft. open-throat wind tunnel at the University of Californi 
at Berkeley 

The Method of Singularities for the Determination of Forces 
and Moments Acting on a Body in Potential Flow. A. Bet 
(Ingenieur-Archiv, 1932.) U.S., Navy Department, David WV 
Taylor Model Basin, 41, November, 1950 
pp., illus. 2 references. 


Translation No. 2 


The flow around a body is reproduced by the superposition of 
the undisturbed flow of sources, sinks, potential vortic« 


similar simple flows having singular points. The manner of 
superposition determines the resulting flow field. The fore: 
acting on the body are determined from these singularitic 

from the known undisturbed flow. 


the resulting formulas are valid for both ling 


The process is developed for 
steady flow; 
point singularities 

Sphere Drag Data at Supersonic Speeds and Low Reynolds 
Numbers. E. D. Kane. Journal of the Aeronautical Scie 
Vol. 18, No. 4, April, 1951, pp. 259-270, illus. 

Measurement of the drag on spheres in a low-density supersoni 
tunnel at Mach Numbers of 2.1 to 2.8 and a Reynolds Num 
range (based on free-stream properties and sphere diameter f 
15 to SOU 

Non-Steady Flows Under Asymptotic Suction Conditions. 
J. H. Preston. Quarterly Journal of I 


Mechanics and i pt 
Mathematics, Vol. 3, Part 4, December, 1950, pp. 435-445 
3 references. 


27 reference 


Investigation of the circulatory flow about a circular cylinder 
that has uniform suction applied through the surface 
mate solutions are obtained in a closed form for the transient 


state that occurs when the peripheral speed of the cylinder 
the suction is suddenly changed. The solutions are applic 
to the problem of nonsteady flow past an infinite porous plat 

On the Steady Flow of Gas with Chemical Reaction. I. 
Heihachiro lida. Japan Soctety for Applied Mechanics, Jour) 
Vol. 3, No. 19, October, 1950, pp. 150-154, illus 
In Japanese 


5 referen 


The increase of entropy of gas flow duc to heat addition 
shown to have no effect on the vorticity. From this result 
fundamental equation of motion for a perfect fluid is obt 
and applied to simple flow through a distributed source of h 

Similarity Laws for Hypersonic Flow. Klaus Oswatit 
Sweden, Kunel. Tekniska Hogskola, Institution for Flygteknik 
Technical Note No. KTH-AERO TN 16, July 19, 195) 2. 
pp., illus. Sreferences. In English 

Similarity laws are derived using shock-wave equations for 
hypersonic flow region in which the free-stream Mach Number 
tends to infinity. Pressure coefficients and lift forces are o 
tained which are independent of free-stream Mach Number 
for slender bodies, proportional to the square of the thickn« 
ratio in both plane and three-dimensional flow 

Readers’ Forum: The Effect of Prandtl Number on the 
Theoretical Shock-Wave Thickness. Paul A. Libby 
of the Aeronautical Sciences, Vol. 18, No. 4, pp. 286, 287, illu 
reference 


INTERNAL FLOW 


The Secondary Flow in a Cascade of Airfoils in a Nonunifor m 
Stream. H. B. Squire and k “4 Winter. Journal of 
nautical Sciences, Vol. 18, No. 4, April, 1951, pp. 271-277 
3 references 

A method of calculating the secondary flow in a cascade of 
foils in a stream with a variation of approach velocity along t 
span of the airfoils. The results are compared with measur¢ 
ments of the secondary flow at a cascade at a corner in a returt 
circuit wind tunnel where the velocity gradient is obtained as 


KRING REVIEW 


1951 


normal consequence of flow through a diffuser 
well with theory 

Method of Designing Cascade Blades with Prescribed vay 
Distributions in Compressible Potential Flows. 
Costello 
illus 6 references 
BO.15 


Results agree 


Georg R 
Report No. 97 8, 1950 *f pp 


Superintendent of Documents, Wa hingtor 


Free-stream velocities of the cascade and the prescribed veloc 
ity distribution along the blade are used to obtain 


a suitabl 
incompres 


sible flow about a unit circle and the mapping functio, 
for the transformation of the incompressible flow to ¢ ompressibk 
flow about an airfoil cascade. The image of the unit circle gives 
the cascade having the prescribed velocity distribution 
blade. In the case of 
tribution, methods ; 


tlong th 
a theoretically unattainable velocity dis 
ire given for modifying the procedure to ob 
tain a physically significant blade shape. An isolated airfoil js 
considered as a special case of the cascade 

Detailed Computational Procedure for Design of Cascade 
Blades with Prescribed Velocity Distributions in Compressible 
Potential Flows. George R. Costello, Robert | 
and John T. Sinnette, J1 U.S., N.A.C.A., Technical Note N 
2281, February, 1951 19 pp., illus. 1 reference 

Influence of Wall Boundary upon the Performance of an Axial. 
Flow Fan Rotor. Emanuel Boxer U.S., N.A.C.A., Technica 
Note No. 2291, February, 1951 21 pp., illus. 3 references 

Equilibrium Operating Performance of Axial-Flow Turbojet 
Engines by Means of Idealized Analysis. John C. Sanders and 
Edward C. Chapin U.S., N.A.C.A., Report No. 987, 1950 
12 pp., illus. 4 references. Superintendent of 
Washington. $0.15 


Cummings, 


Documents, 


Simple model processes are assumed for the components of the 
turbojet engine. The results are plotted in terms of dimension 
less parameters based on critical engine dimensions and overall 
operating variables in a manner that permits application of the 
analysis to any turbojet engine 

The Unsteady Flow of Viscous Incompressible Fluid Inside an 
Infinite Channel. L Philosophical Magazine, Vol. 42 
(7th Series), No. 325, February, 1951, pp. 176-187, illus 
ences 


Sowerby. 
6 refer 


Analysis of the motion of a viscous incompressible fluid in an 
infinite wedge-shaped channel of angle 1/n (m 2 1); initially th 
channel and fluid are at rest. The velocity is obtained in terms 
of error functions or integrals. The heat conduction equation is 
solved by a Green's function. The related steady-flow — 
is analyzed on the basis of R: ag igh’s hypothesis for the case of 
the right-angled corner (» 

Notes on the Blunt Bodies. W. Graham 
Douglas Aircraft Company, Inc., Report No. SM-13747, April 13, 
1950. 18 pp., illus. 4 references 

Evaluation of the effect of leading-edge suction on the scooy 
lip. For 
coetlicient of suction (C 
ratio, 


incompressible and subsonic compressible flow, the 
) is obtained as a function of the flow 
issuming that the resultant drag of a scoop in uniform 
potential flow is zero. For supersonic flow, the scoop entrance 1s 
assumed to be located behind the normal shock in a short channel, 
ind Cy is obtained by an approximation procedure. The appear 
ance of drag on a blunt body is explained by an 
pressure recovery behind the body 


inalysis of the 


PERFORMANCE 


Performance of 
namic Report. 
Royal Canadian 
ment, Rockcliffe, 
D104(1)-2), 


(Grumman) Goose 2 Aircraft. II —Aerody- 
A. MacLulich and M. T. Friedl. Ca 
Air Force, Experimental and Provir tabl 
Report No. 967 | Final Development Report \ 
January, 1951 14 pp., illus., 


blueprint 
STABILITY & CONTROL 


Dynamic Analysis of Aeroelastic Aircraft by Transfer Function 
Fourier Method. James B. Rea. Douglas Aircraft Company, 
Inc., Report No Vf-13868, July 13, 1950. 85 pp., illus. | 


references. Institute of the Aeronautical Sciences, Preprint 
305. Members, $0.35; nonmembers, $0.75. 

The Transfer Function-Fourier method (TFEF) obtains 
single analysis (1) dynamic stability analyses of raft flight 
paths; (2) dynamic analyses of transient structural loads 


especially tail loads, which arise from gust loads or maneuvertts 
of the aircraft; and (3) flutter analysis of the aircraft contr 


system and its multielastic structure. The aircraft is treated 
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987, 195) qit tells about the new Johns-Manville 
ocuments Thermoflex* Blanket with its light- 
weight RF-300 Felt—the improved 
enits of the blanket type insulation for jet engine 
limension exhaust systems and aircraft and power- 
plant assemblies. *Reg. U. S. Pat. Off. 
ion of the 
Insid It gives you facts about J-M Asbestosp 
“ a Textiles designed for insulating and fire- 
ae proofing aircraft structures and their 


component parts, exhaust-system 
shrouds, and fuel, lubrication and hy- 
draulic lines. 


fluid in at 


1 in terms 


quation ts 
\ problen 
a ae It describes the many special types of 
Goetze Metallic Gaskets—such as these 
Graham afterburner igniter gaskets—fabricated 
April 13, by Johns-Manville in almost any size or 
shape to meet the hot-gas sealing re- 
the scooy quirements of jet engines. 
flow, the 
f the flow It illustrates J-M Tadpole Tapes, thep 
- wi special firewall gasketing tapes for seal- 
entrance Is 


t channel ing combustion chamber inlets, engine 
rt channe 


he appear mounting rings, turbine flanges and other 
high-temperature zones in jet-powered 
aircraft. 
Aerody- For your copy of the new booklet about these and other Johns-Manville J) | 
wire Aviation Products, just fill in and mail the coupon today! a hé 


Johns-Manville 
Box 290, New York 16, N. Y. 
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as a servomechanism. Three practical examples demonstrat: 
the application of the method to the dynamic analysis of rigid 
body and aeroelastic aircraft. TFF gives a clear concept of the 
true physical picture of the dynamic system. 

Effects on Longitudinal Stability and Control Characteristics 
of a B-29 Airplane of Variations in Stick-Force and Control-Rate 
Characteristics Obtained Through Use of a Booster in the Eleva- 
tor-Control System. Charles W. Mathews, Donald B. Talmage 
set James B. Whitten. U.S., N.A.C.A., Technical Note » 
2238, February, 1951. 34 pp., illus. 2 references 


WINGS & AIRFOILS 


Extension of the Theory of Oscillating Airfoils of Finite Span 
in Subsonic Compressible Flow. Eric Reissner. U.S., V.A.¢ 
Technical Note No. 2274, February, 1951. 16 pp. 3 referenc: 

Measurement of Downwash at a Mach Number of 1.45 Be- 
hind Two Wings of Finite Span. W. F. Hilton 
nautical Society, Journal, Vol. 55, No. 481 
13-51, illus. 4 references. 

A rectangular wing and a wing with a 20° raked tip, each : 
per cent thick, at V7 = 1.45and R = 1.2 X 10° were tested in the 
N.P.L. 12-in. tunnel. Downwash effects were measured by 
yawmeter placed 1.62 chords behind the trailing edges of tl 
wings. 

A Modification to Thin-Airfoil-Section Theory, Applicable to 
Arbitrary Airfoil Sections, to Account for the Effects of Thickness 
on the Lift Distribution. David Graham. N.A.¢ 
Technical Note No 1951. 17 pp., illus. 9 
references. 

Lift and Pitching Derivatives of Thin Sweptback Tapered 
Wings with Streamwise Tips and Subsonic Leading Edges at 
Supersonic Speeds. Frank S. Malvestuto, Jr., and Dorothy M 
Hoover U.S., N.A.C.A., Technical Note No. 2294, 
1951. 46 pp., illus. 16 references. 

Derivation of equations on the basis of linearized supersoni 
flow theory, neglecting the effects of camber and thickness. R 
sults are given in the form of generalized equations for the 
and pitching derivatives and 
derivatives can be obtained. 

Lift, Pitching Moment, and Span Load Characteristics of Wings 
at Low Speed As Affected by mee of rig and Aspect 
Ratio. Edward J. Hopkins. U.S A. Technica 
No. 2284, January, 1951. 32 pp., 4 es 

Low-speed measurements of the lift, pitching moment, 
pressure distribution of wings of sweepback of —40°, —30°, 
35°, and 45°; aspect ratios of 6.8, 5.3, 4.2, 3.4, and 2.8 
taper ratios of 0.4 to 0.7 in the Ames 7- by 10-ft. wind tunnel 

Wind Tunnel Interference Due to Lift for Delta Wings « of 


Roya! Le 
, January, 1951, pp 


2298, February, 


February 


as design curves from which 


Small Aspect Ratio. Sune B. Berndt. Sweden, Kun: 
niska Hogskola, Institution for Flygteknik, Technical Not 
KT H-AERO TWN 19, September 25, 1950. 11 pp., illus 
references. In English. 


The air loadings on wings of small aspect ratio are calculat« 
using the procedure of R. T. Jones. From these, 
are obtained for wind-tunnel interference due 
wings at small angles of attack and zero yaw 

Damping in Roll of Cruciform and Some Related Delta Wings 
at Supersonic Speeds. Herbert S. Ribner. U.S., N.A.C.A., 
Technical Note No. 2285, February, 1951. 43 pp., illu ¢ 
references. Study of cruciform and multiplanar delta wings 
with subsonic and supersonic leading edges. 

Rotary Derivatives in Yaw. \V. M. Falkner 
neering, Vol. 23, No. 2 1951, pp. 44 
references. 


the corrections 
to lift for delt: 


Aircraft 
64, February, 50, 54, illus. 7 

Calculations have been carried out on two elliptic wings, wit! 
ratios of major to minor axis of 2.5 and 5 to 1, in order to demor 
strate the use of vortex lattice theory in calculating /, and n, by 
lifting-plane theory for wings of arbitrary plan form. Special 
tables of downwash, required in order to allow for the curvatur 
of the wake, are included, and the origin of the formulas by whi 
these are derived in a form applicable to linear theory is fully 
explained 

Chordwise and Compressibility Corrections to Slender-Wing 


Theory. Harvard Lomax and Loma Sluder. U.S., N.A.C.A., 
Technical Note No. 2295, February, 1951. 44 pp., illus. 12 


references. 
Integral equations were developed and numerically evaluated 
for the corrections to slender-wing theory for the effects of com 


RING REVIEW MA Y, 


1951 


pressibility and chordwise gradients in velocity for triangular and 
rectangular plan forms in subsonic and supersonic flow 

Supersonic Wing-Body Lift. George Morikawa. Journal 
the Aeronautical Sciences, Vol. 18, No. 4, April, 1951, pp. 217 998 
illus. 12 references 

Representation of lift for a fairly general family of wing- body 
configurations (with no afterbody ) in a linearized supersonic floy 
over the entire range of parameters. 


Air Transportation (41) 


Some Meteorological Problems Indicated for Jet Transport 


Operation at 40,000 Ft. Henry T. Harrison l eronautical 
Engineering Review, Vol. 10, No. 4, April, 1951, pp. 52-61, 
illus 6 references 

The Current Position of American Air Transportation. Delos 


W. Rentzel National Air 
Activities of the C.A.A 
portation 

Where Stand Our Airlines. III. E. T. House. Aeronautics. 
Vol. 24, No 1951, pp. 28-40, illus., table 

Three-year (1946-1948) evaluation and comparison of air-line 
economics. Data are tabulated on the operating expenses and 
revenues of B.O.A.C., B.E.A.C., B.S.A.A. (British South Ameri- 
can Airways Corp.), Air France, K.L.M., T.C.A., P.A.A., and 


Review, February, 
and the C.A.B. 


1951, pp. 16-22 


in regulating air trans- 


1, February, 


E.A.L. The effects of competition on air-line economics are 
analyzed 
Transporting Perishable Air Cargo. Gilbert C. Close. Apia 
tion Age, Vol. 15, No. 2, February, 1951, pp. 26, 27, illus 
Lockheed Aircraft Corp.—U.S. Dept. of Agriculture research 


program to study the effects of air shipment on flowers and fruits, 
best packing methods, temperature control, 
ables before and after air shipment 


and storing of perish 


Airplane Design & Description (10) 


The International Civil Aviation Organization Requirements; 
a Review of the Development of International Airworthiness and 
Operational Performance Requirements. Kk. (3. Wilkinson 
Aircraft Engineering, Vol. 23, No. 264 
references 


, February, 1951, pp. 36-39 
airworthiness and 
A airplanes (landplanes 


Tables summarize 
requirements for Category 


performance 


AIRPLANE DESCRIPTIONS 


Chrislea Skyjeep Four-Place Personal Airplane, England. 
Flight, Vol. 59, No. 2195, February 15, 1951, pp. 176-173, illus 
Convair Turboliner Twin-Engined Turboprop Transport. 


Aero Digest, 18, 60, 62, 72, 
92, illus 

Douglas DC-3 Transport, B.E.A. ‘‘Pionair” 
Flight, Vol. 59, No. 2191, January 18, 1951, pp. 67 

Fairchild XC-120 Pack Plane Transport. G. W. Lester and 
J. A. Sterhardt. SAE Journal, Vol. 59, No. 2, February, 1951, 
pp. 38-42, illus a paper: A Concrete Phase in the 
Development of the Load Detachability Principle in Aircraft 

Fiat G-46 Series Single-Engined General-Purpose Airplane, 
Italy. Aeronautics, Vol. 24, No. 1, February, 1951, pp. 65, 66, 
illus. 


Grumman Goose 2 Model JRF-5 Twin-Engined Airplane. 


Vol. 62, No. 2, February, 1951, pp. 15 


Conversion. 
70, illus 


(Based on 


Il—Aerodynamic Report. A. MacLulich and M. T. Friedl 
Canada, Royal Canadian Air Force, Experimental and Proving 
Establishment, Rockcliffe, Report No. 967 | Final Development 


Report No. D104(1)-2), January, 1951. 14 pp., illus., blueprint 

Handley Page Marathon I M.60 4-Engined Transport, England 
(Aircraft Engineering Reference Sheet, No.7). I, II. Tonkin 
Aircraft Engineering, Vol. 23, Nos. 263, 264, January, February, 
1951, pp. 15-19; 51-53; cutaway drawings. 

MiG-15 Single-Engined Turbojet Fighter, U.S.S.R. 1% 
Age, Vol. 15, No. 2, February, 1951, pp. 21-25, illus., cutaway 
drawing 

Noorduyn Harvard 2 Single-Engined Advanced Trainer 


zation 


Canada. I-—Radio Installations. J. E. L. Renaud. Canada, 
Royal Canadian Air ge Experimental and Proving Establish- 
ment, Rockcliffe, Report No mae (Final Development Report No. 
D/154-1), January, 1951. 25 pp., illus., blueprint 


S.N.C.A. du Sud-Ouest SO 30 Bretagne Twin-Engined Com- 
mercial Transport, France. IJnteravia, Vol. 6, No. 1, January, 


1951, pp. 13-17, 43-50, illus., cutaway drawing. Production 
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Planning for the Future— 
Building for the Present 


Sendix Products’ position of leadership in fuel metering and Assembled here, also, is the most modern and comprehensive 
rements; anding gear has been attained through its unique ability machinery in the industry to assure production in quantity 
— om Ty plan as well as to produce. and precision in quality to meet your most exacting demands. 


36-39 Ihe specialized knowledge of trained engineers and the vast Whether your problem is planning or producing fuel meter- 
mane esearch facilities of Bendix are constantly employed in the ing, carburetion, struts, brakes or wheels, you will find Bendix 
development of new and better products. Products is best qualified to do the job. 
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techniques, specifications, performance, evolution, flight testing 


and cabin pressurization. 


CONTROL SYSTEMS 


Effects on Longitudinal Stability and Control Characteristics 
of a B-29 Airplane of Variations in Stick-Force and Control-Rate 
Characteristics Obtained Through Use of a Booster in the Eleva 
tor-Control System. Charles W. Mathews, Donald B. Talim 
and James B. Whitten U.S., N.A.C.A., Technical N 
2238, February, 1951. 34 pp., illus. 2 references 

For Safety in Controls. Flight, Vol. 59, No. 2194, February & 
1951, pp. 163, illus. Methods of preventing incorrect chain 
cable assembly 


LANDING GEAR 
Decelostat No-Skid Braking. Jhe Aeroplane, Vol. 80 


2062, January 26, 1951, pp. 116, 117, cutaway drawing | 
Westinghouse Decelostat mechanical system of skid detectt 
and brake control. 

Optimum Braking; Westinghouse System (Decelostat) for 
Wheel-Skid Prevention. Flight, Vol. 59, No. 2194, February 8 
1951, pp. 167, 168, illus., cutaway drawing 


WING GROUP 


Germany and the Delta Wing. Alexander Lippisch 
Digest, Vol. 62, No. 2, February, 1951, pp. 30, 67, 68, 7 
Development of the delta wing and delta-wing rocket-po 
urcraft in Germany 


Airports (39) 


Airport Design: Its Architectural Aspects. Walther Pro} 
Architectural Record, Vol. 109, No. 1, January, 1951, pp. 112 . 
illus. Reprint. 

Northwest’s Underwing Fueling Decreases Ground Service 
Time. E.S. Hamm. Aviation Age, Vol. 15, No. 2, Febr 
1951, pp. 80, 31, illus 

Candlepower Vs. Runway Lighting. Leslie C. Vipond 
tion Age, Vol. 15, No. 2, February, 1951, pp. 34, 35, illus 


Aviation Medicine (19) 


Possibility of Biological Effects of Cosmic Rays in High Alti- 
tudes, Stratosphere and Space. A. T. Krebs. Journ 
tion Medicine, Vol. 21, No. 6, December, 1950, pp. 481-494 
75 references 

Physical Process of Explosive Decompression. ['ritz |! 
Journal of Aviation Medicine, Vol. 21, No.6, December, 19 
495-499, illus 

Vasomotor Disorders in Aviation Medicine. Simon Ro: 
Journal of Aviation Medicine, Vol. 21, No. 6, December 
pp. 462-469, illus 

Electrocardiographic Response in Exercise Tolerance Tests 
J. E. Smith. Journal of Aviation Medicine, Vol. 21, 6 
December, 1950, pp. 470-476, illus. 10 references 

Some Engineering Aspects of the Mechanism of Body Control 
Robert Mayne. Electrical Engineering, Vol. 70, No. 3, M 
1951, pp. 207-212, illus 

Application of the principles of control and communi 


references 


13 references. 


engineering to the analysis of the control of body move 
The functions of presetting, closed-loop operation, and pr 
ire involved 


A Modified Iodine Pentoxide Method for the Determination of 


Carbon Monoxide. (G. A. Grant, Morris Katz, and R. L. H 
Canadian Journal of Technology, Vol. 29, No 
pp. 43-50, illus 17 references 
procedure 


1, January 
Description of apparatt 


The Effect of Various Noise Levels on Performance of Three 


Mental Tasks (Psychological Studies of Training Techniques). 
T. D. Hanley and R. J. Williamson. (Purdue Univer 
US., O fhice of Naval Research, Spee tal Devices Center, 1 

Report No. SDC 104-2-21, December, 1950 1] pp 


ences 


A Study of the Semi-Annual Instrument Check for Airline 


Pilots. John A. Nagay. U.S., Civil Aeronautics Admir 


tion, Report No. 93, November, 1950. 65 pp. 


ERING REVIEW MAY, 


1951 


Fitness for Duty; Work of the R.A.F. Institute of Aviation 
Medicine. C. B. Bailey-Watson. Flight, Vol. 59, No. 2199 
January 25, 1951, pp. 104-107, illus. 


Automatic Control of Low Pressure Chambers. Clareng 
V. Pestel. Journal of Aviation Medicine, Vol. 21, No. 6, Decey 
ber, 1950, pp. 507-509, 535, illus 

A three-position manometer and a reference tank are used to 
control effectively the pressure in the low-pressure chambers oj 


the Aeromedical and Physical Environment Laboratory, Univer 
sity of Illinois rhe temperature of the reference tank is thermo 
statically controlled, making the system independent of baro 
metric changes 


Comfortization (23) 


Testing Aircraft Heaters. Aircraft Heating D ol 
No. 2, October, 1950, pp. 1-3, illus Endurance and heat-hal 
ance test procedures and calculations for determining the maxi 
mum life and heat output 

Chart of Nozzle Ratings, Btu. per Hour; Specific Weight & 
Dynamic Pressure Charts; Table of Conversion Constants. 
Basic Fan Laws. lircraft Heating Digest, Vol. 2, No. 2, October. 
1950, pp. 6-8, illus 

Eastern Airlines Aircraft Heater Test Set-Up. I. , 
Finiels. Aircraft Heating Digest, Vol. 2, No. 2, October, 195). 
pp. 4, 5, illu 


Education & Training (38) 


A Pilot Looks at the Dehmel. Il). A. Brice The Acroplane, 
Vol. 80, No. 2061, January 19, 1951, pp. 78-76, illu 

A pilot’s evaluation of P.A.A.’s Dehmel simulator, a replica of 
the Stratocruiser cockpit which reproduces all the effects 


situations encountered in the actual flying of the aireraft 


Electronics (3) 


Harvard 2 (Noorduyn) Standard and Armament Trainer. | 


Radio Installations. L. Renaud. Canada, Royal 
Air Force, Experimental and Proving Establishment 
Report No. 985 (Final Development Report N ) 154-1 
January, 1951. 25 pp., illus., blueprint 

Elliptically Polarized Waves and Antennas. MX. | iles a 
J. Bohnert Naval Research Laboratory, Washington 


Report No. 3686, June 22, 1950. 26 pp., illus. 4 references 
Comprehensive and unified treatment of the theory t 
ment of elliptically polarized waves and antenna 

Applications of Potential Theory to the Design of Linear 
Arrays. Thomas T. Taylor sr John R. Whinnery 
Applied Physics, Vol. 22, No. 1, January, 1951, pp. L9-29, illus 
11 references 

The polynomial formulation of the linear-array problem ol 


Schelkunoff is studied from the point of view of the potentia 


theory rhe resulting electric analogy can be studics 
analytic methods or by an electronic computer rl nalyti 
methods and their limitations are explained 

Theory of Circular Diffraction Antenna. Harold Levine an 
Charles H. Papas. Journal of Applied Physics, Vol, 22, No.1 
January, 1951, pp. 29-438, illus. 5 references 

Pheoretical analysis of a circular diffraction antenna that cor 
sists Of a coaxial wave guide fitted with an infinite-plane conduct 
ing baffle and which is open to free space; variatior rethods 


for calculating the circuit parameters 
Electric Dipoles in the Presence of Elliptic and Circular Cylin- 


ders. Winston S. Lucke. Journal of Applied Phy ol. 22 
No. 1, January, 1951, pp. 14-19, illus. 6 references 
Application of Green's function method to the prob of the 
electromagnetic fields of electric dipoles in the presence of at 
infinitely long, perfectly conducting cylinder gives expressions fot 
the fields in terms of an integration in the complex plan [mpos 
ing far zone conditions leads to a simplification of the integral 


Results are obtained for circular and elliptic cylinder 
Universal High-Speed Digital Computers; a Sm all-Scale 


Experimental Machine. F. C. Williams, T. Kilburn, and G. © 
Tootill (1 E.E Vee surements Sec lion, Pape \ 1032 
Institution of Electrical Engineers, Proceedings, Part II, Power 
Engineering, Vol. 98, No. 61, February, 1951, pp. 13-28, illus 


11 references. Components and construction of the machine 
automatic and manual operation; circuit diagrams 
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AERONAUTICAL 


Opportunities for 
ELECTRONICS 
ENGINEERS 


The advance of electronic research and develop- 
ment, especially in the last five years, has been so 
rapid that a great demand for engineers and tech- 
nicians has been created. This is especially true at the 
Martin Company . . . one of the country’s leaders in 
airborne electronic research since before V-J Day... 
with such developments as control systems for 
guided missiles like the KDM-1 Plover target; the 
Viking high-altitude research rocket; fire control 
systems for turrets and much other advanced work 
still classified under military security. 

Martin needs engineers with experience in 
research and development of radar, television, 
pulse and display circuits . . . and, in the electro 
mechanical field, experienced engineers in arma 
ment, servo-mechanisms, electrical work, rocket 
propulsion and special weapons or systems design. 

The Martin Company would like to have a resume 
if the background of anyone having experience in 
electro-mechanics or electronics. Such information 
should be sent to the Employment Manager, The 
Glenn L. Martin Company, Baltimore 3, Maryland 


Martin Ads Tell 
Air Power Story 


Reaching millions of informed, alert 
American Martin 
advertisements like this highlight air 
power’s important role in our country’s 
preparedness program. 


magazine readers, 


Survey after survey has demonstrated 
that their story-style appearance at- 
tracts an extremely high readership and 
4 worthy audience for the facts on this 
Vital question. 


ENGINEERING 


REVIEW 


MAY, 


1951 


New Navy Sub-Hunter 
Turns on a Dime! 


A TRAIL OF DYE marks 


th 


a 


radius normally 
required. 


e quick turn of 
Navy Marlin 
in one-third the 


A cLosg-up sketch of the 
hydroflaps developed by 
Martin engineers. 


AIRCRAFT 


Builders of “Dependable Aircraft Since 1909 


Developers and Manufacturers of: 


Navy P5M-1 Marlin seaplanes ¢ 
Navy P4M-1 Mercator patrol planes 
e Navy KDM-1 Plover target drones 
e Navy Viking high-altitude research 
rockets @ Air Force XB-51 experi- 
mental ground support bombers ¢ 
Martin airliners ¢ Guided missiles ¢ 
Electronic fire control & radar sys- 
tems @ Precision testing instruments 
@ Leaders in Building Air Power to 
Guard the Peace, Air Transport to 
Serve It. 


A pair of hinged, underwater flaps on 
the stern of the Navy’s big, new Martin 
P5M-1 Marlins—serving as brakes for 
fast taxiing stops and as stern rudders 
for increased maneuverability—have 
diminished two problems common to all 
seaplanes. They permit operations from 
rivers and restricted inlets. Give added 
safety when landing near a seaplane 
tender with other planes staked out in 
its area. Provide faster turns essential 
to air-sea rescue work. 

Hydroflaps are just one of the ad- 
vanced features of this modern, sub- 
hunting successor to the famous Martin 
PBM Mariner seaplane series. The Mar- 
lin will be equipped with latest elec- 
tronic devices for detecting submarines, 
as well as armament for destroying 
them. Its clean, streamlined profile gives 
it more speed than its older brothers. Its 
long, extended hull diminishes the con- 
ventional “step,” gives it much greater 
stability on the water. The sub-hunting 
Marlin is another example of the result- 
producing teamwork between our mili- 
tary services and advanced Martin air- 
craft-weapons engineering. THE GLENN 
L. Martin Company, Baltimore 3, Md. 
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Hydroflaps allow advanced base flights 
from restricted bodies of water—permit 

safer operation from seaplane tenders— 

improve maneuverability in air-sea rescue 
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=for motors, 
resolvers, 
synchros, 
computors, 
gyroscopes, 
instruments 


Eliminate tedious fabricating, insure closer tolerances, 
and absolute uniformity and concentricity 


Here is precision, one piece unitized construction 
offering absolute minimum torque friction. Diameters 
range from .050” to 24” with minimum 1000 V.A.C. 
hi-pot inter-circuit. Hard silver rings are plated to 
precisely machined, one piece plastic forms with 
special surface deposits to prevent tarnish and reduce 
friction, brush noises and wear. In addition to higher 
dielectric strength and longer life, many mechanical 
and electrical features result in better functioning and 
increased reliability. Electro Tec slip ring and com- 
mutator assemblies are standard with leading manv- 
facturers in aircraft and related industries. You, too, 
can specify them with complete confi- : 
dence in their superior performance! ELECTRO TEC 
shp neg assemblies 

For detailed information call or 

write for new illustrated brochure, 

mentioning your requirements 


ELECTRO 


CORPORATION 
SOUTH HACKENSACK, NEW JERSEY 


\ 


RING REVIEW MAY, 


The Automatic Compensation of Zero-Drift Errors in Direct- 
Coupled Feedback Systems. F. A. Summerlin. (J. Ep 
Veasurements Section, Paper No. 1088.) Institution of Electrical 
Engineers, Proceedings, Part Il, Power Engineering, Vol 98, No. 
61, February, 1951, pp. 59-66, illus. 6 references 

Compact Digital Differential Analyzer. Electronics, Vol, 24, 
No. 3, March, 1951, pp. 244, 246, 248, 250, 252, illu MAD. 
DIDA, a magnetic-drum digital differential analyzer, de veloped 
by Northrop Aircraft, Ine 

An Oscilloscope for the Observation of Long Duration Trap- 
sients. A. KE. Ferguson. Journal of Scientific Instruments, Vol, 
28, No. 2, February, 1951, pp. 52-56, illus 

A Precision Electronic Tachometer. S. W. Punnett and H.@. 
Jerrard. Electronic Engineering, Vol. 23, No. 276, February, 
1951, pp. 55-58, illus. 6 references 

Representations of Speech Sounds and Some of Their Statis- 
tical Properties. Sze-Hou Chang, George E. Pihl, and Martin 
W. Essigmann. ZJnstitute of Radio Engineers, Proceedings, Vol. 
39, No. 2, February, 1951, pp. 147-153, illus. 22 references 

Application of the Information Theory to System Design, 
W.G. Tuller Electrical Engineering, Vol. 70, No. 2 February, 
1951, pp. 124-126, illus. 2 references 

Che information theory (statistical theory of communication) 
provides a straightforward method of evaluating a communica- 
tions problem and tells directly the effect of necessary compro- 
mises from the ideal in bandwidth, power, rate of t1 usmission, 
etc. The principles of the system are explained. A practical 
example of the application of the theory is the Private Line Air 
Control Communication System 

An Adjustable Temperature-Coefficient Capacitor. John A. 
Connor U.S., Naval Research Laboratory, Washington, Report 
Vo. 38689, June 283, 1950. 10 pp., illus. 3 references 

Need for Improvement in Selenium Rectifiers. J. T. Cataldo. 
Electronics, Vol. 24, No. 3, March, 1951, pp. 182, 186, 190, 195, 
illus ro meet military specifications. 

Semiconductor Diodes. Electronics, Vol. 24, No. 3, March, 
1951, pp. 112, 118, illus. Summary of characteristics of silicon 
and germanium crystal diodes with dimensions and terminal data. 

Transitor Frequency-Multiplying Circuit. W. B. Bowers, 
Electronics, Vol. 24, No. 3, March, 1951, pp. 140, 142, illus 

An electrical network for direct, rapid, and accurate multiplica- 
tion of two voltages, which may go through zero, by the utiliza- 
tion of special characteristics of crystal triodes. The network 
contains no vacuum tubes or other parts that require periodic 
replacement 

The Electroforming of Millimeter-Wavelength Waveguide 
Components. Robert J. Coates and Sara F. Roget USa 
Naval Research Laboratory, Washington, Report No. 3673, June 
8, 1950. 18 pp., illus. 6 references 

Statistical Evaluation of Life Expectancy of Vacuum Tubes De- 
signed for Long-Life Expectancy. Eleanor M. McElwee. /nstt- 
tute of Radio Engineers, Proceedings, Vol. 39, No. 2, February, 
1951, pp. 187-141, illus 5 references 

Deterioration of Oxide-Coated Cathodes Under Low Duty- 
Factor Operation. J. F. Waymouth, Jr. Journal of Applied 
Physics, Vol. 22, No. 1, January, 1951, pp. 80-86, ilu 7 refer- 
ences 

The Balitron Tube. I. Norman Z. Ballantyne Radio & 
Television News, Vol. 45, No. 3 ( Radio-Electronic Engineering, 
Vol. 16, No. 3), March, 1951, pp. 16A, 17A, 20A, 304A, illus 

Design and operation of a deflection-controlled vacuum tube 
The Balitron is a lens-type tube in which system arcs are used to 
form an are lens system. Only a small portion of the electron 
beam is deflected by electrostatic means, and the deflection paths 
are not parallel to the path of electron acceleration 

A Parasitic FM Measurement Technique for AM Signal 
Generators. William FE Leavitt Vaval Research 
Laboratory, Washington, Report No. 3696, July 10, 1950. 13 PP» 
illus. 3 references 

A Video Pulse Counter. C. C. Watterson U.S., Naval 
Research Laboratory, Washington, Report No. 3659, May 1, 1950 
21 pp., illus 2 references 

Design of a pulse counter for counting discrete video pulses ata 
maximum rate of two megacycles per sec. and a minimum rate of 
25 cycles per sec. Pulse counts are stored as capacitor charges @ 
six cascaded decade counter stages; operation is for a crystal: 
controlled one-second interval. The count is presented on Six 
panel meters, each calibrated from (0 to 9 


ELECTING TEG 
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ship (ing assemilies 
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BY A NEW 
EXCLUSIVE 


A-< 3.500 HORSEPOWER PLUS... abo 
39h, per hp. per fuel consumption at cruise poner - 
| “a: 1 horsepower PLUS per 1b. of weight with exhaust system 
cylinders that operate at only 43% of power at cruise 
borscponer PLUS per on. in. of displacement 


Statis- 
State —4-< - Short, stiff crankshaft; one piece master rod bearings 


n Tran- 


Rugged steel crankcase for reliability and lower maintenance cost. 
~ ‘Balanced distribution plus fuel injection for longer vale, piston and plug life — 
AS Single lever throttle control—no power controls required —— 
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A Multichannel Distance Measuring Equipment for Aircraft. 
E. B. Mulholland. Australia, Commonwealth Scientific and 
Industrial Research Organization, Division of Radiophysics, RK 
port No. RP R 114, August, 1950. 36 pp., illus. 16 reference 

Design and operation of a light-weight automatic Distances 
Measuring Equipment (DME) that provides six channels of 
operation. The channels are obtained by means of double-puls¢ 
selection. Block and schematic diagrams show the 
of the components 


arrangement 


Distance Measuring Equipment and Offset Course Computer. 
U.S., Civil Aeronautics Administration, Airways Operation 
Training Bulletin No. 4, 2nd Ed., August, 1950. 17 pp., illu 
3 references. Components, operation, and applications 

Some Recent Developments in Radio-Controlled Flight and 
Landing. Chester B. Watts, Jr., and Logan E. Setzer l 
Civil Aeronautics Administration, Technical Development Rep 
No. 118, July, 1950. 22 pp., illus. 6 references 

Summary of recent progress in automatic 
performance evaluation procedures; 
proach to touchdown; 
computer course lines 


Evaluation of 100-Channel Distance Measuring Equipment. 
R. C. Borden, C. C. Trout, and E. C. Williams ba 
Aeronautics Administration, Technical Development Report \ 
119, July, 1950. 9 pp., illus. 2 references 
sults of engineering and operational tests 

Automatic GCA. Joseph T. MceNaney 
No. 2, February, 1951, pp. 82-87, illus 

Simultaneous control of five 
vals along a ten-mile 
elevation, 


approach equipme 
extension of automatic ap 
radio-controlled flight on omnirange ann 


Procedure and r 


Electronics, Vol 


aircraft spaced at two-mile inter 
approach corridor is provided. 
information are 


Azimuth, 
and range converted into phase di 
placements at the ground station and automatically transmitt 
to the plane, where information is used by 
blind approach. 


autopilot to perfor 


Atmospheric Noise Levels at Radio Frequencies Near Darwin, 


Australia. I). E 
search, 
1950, pp. 


Yabsley. Australian Journal of Scientifi 
Physicel Scrences, Vol No 3, 


Sertes A, 
illus 


409-416, 
Signal-to-Noise Improvement by Pulse Integration. C. | 
Corum U.S., Naval Research La 
No. 3699, July 10, 1950. 11 pp., 
Datum Stabilizer 
McCaffrey. 
100-108, illus 
To correct for 


September 
references 


Washineton Rep 
1 reference 

for Radar-Altimeter 
Electronics, Vol. 24. No. 2, 


2 references. 


boratory, 
illus 
Surveying. Bb. | 
February, 1951, 
altitude fluctuations due to turbulence when u 
ing an air-borne profile recorder, an electronic stabilizer circuit 
operating from an aneroid element senses deviations of 
from level flight and applies corrections automatically to 
radar record of terrain elevation. The datum stabilizer i 
able of correction for height deviations of +200 ft. with an 
curacy of +10 ft., and up to +250 ft, with an accuracy of +15 ft 


aircratt 


A Simple Magnetic Modulator for Conversion of Millivolt D-C 


Signals. Gunnar Wennerberg. Electrical Engineering, Vo 
No. 2, February, 1951, pp. 144-147, illus. 16 reference: 


Discussion on ‘‘A Theoretical and Experimental Study of the 
Series-Connected Magnetic Amplifier” by H. M. Gale and P. D. 


Atkinson. Institution of Electrical 
Part IT, Power Engineering, Vol 
102-105, 


Proceediy 


1951 


Engineers, 
98, No. 61, February, PI 
illus 

Proportional Radio Control. George, R. Urquhart 
Digest, Vol. 62, No. 2, February, 1951, pp. 20, 21, 73, 74, 91, il 

Operational principles of the proportional (positioning 
control equipment for aircraft 
Bell Aircraft Corp. Details are given of the components o 
ground station and aircraft stations, and the performance of thi 
system is compared with that of the ‘‘on-off"’ 

Radio Telemetry. M. H. Nichols 
of Scientific Instruments, Vol. 22, No 
illus. 76 references 

Review 


and guided missiles developed by 


th 


system 


and L. L. Rauch 
1, January, 1951, pp. 1-29 


and development of the underlying theory of 


telemetry to the point where it is applicable to the selection of 


methods that meet predetermined operating requirements 


the determination of future specifications. Since many of 
principles of radio telemetry apply to air-borne recording meth 
ods, some information on air-borne recording is given. Tech 


niques, propagation problems, 
cluded. 


antenna design, ete., are not it 
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A Mechanical Model for Demonstrating Fermat’s Principle. 
W. Cullen Moore. American Journal of Physics, Vol. 19, No. } 
January, 1951, pp. 1-5, illus 


Explanation of the principle of least action and description of 


the essential similarity between an optical system and its me 
chanical analog. The mechanical demonstrator was constructed 
for use in computing radio-propagation times for ray path 


bounded by the earth and ionospheric layers. 

Vertical Incidence Ionosphere Absorption at 150 Ke. A. yj 
Benner. Institute of Radio Engineers, 9 No 
1951, pp. 186-190, illus. 18 references 

Effective Earth’s Radius for Radiowave Propagation Beyond 
the William Miller. Journal of Applied Physii ‘Vol 

2, No January, 1951, pp illus. 21 references 

The Waveform: of Atmospherics and the Propagation of Very 
Low Frequency Radio Waves (2-10 Ke.) P. W. A 
Philosophical Magazine, Vol. 42 (7th Series), No. 325 
1951, pp. 121-138, 10 references 


Proceedings, 
2, February, 


me go 


Bowe 
, February, 
illus 


Equipment 


ELECTRICAL (16) 

Discussion on ‘Some Problems in Aircraft Magneto 
ment” by R. T. Coe and D. F. Welch. § Jnstitution of Elect 
Engineers, Part IT, Power Engineering, Vol. 98, No 
1951, p. 46, illus 

Three-Relay Circuits; Tabulation of Formulas Simplifies De- 
sign and Analysis. [Edward C. Varnum. Machine Design, Vol 
23, No. 2, February, 1951, pp. 121-124, 192, 194-196, 198, illus 


Proceedings, 
1, February, 


3 references 
HYDRAULIC & PNEUMATIC (20) 


Development of the Unloading Gear Pump. 
Schanzlin Lpplied Hydraulics, Vol. 4, No. 2, 
pp. 36-39, illus 

Design of 


Ernest H 
February, 1951, 


aircraft: variable-volume 
pump is pressure 
a matched set of gears and four gear 
bearings assembled into a close-fitting body 
anced controlled by the 
unloading point 


a gear pump suitable for 


pump-control systems. The loaded with oil 


and consists of upporting 
and cover. A bal 
valve system pressure determines the 
A performance curve shows the power and de 
livery characteristics of a typical pump. 

Design of Piston Type Accumulator Uses Positive Type Pres- 
surized ‘‘O” Seals. M. J. Phillips. pplied Hydraulics, Vol 
1, No. 2, 1951, pp. 26, 27, cutaway drawing A de 
sign that provides a well lubricated seal with a higher sealing pres 
sure than the existing pressures on both the gas and oil 
the piston. 


February, 
Flight Operating Problems (31) 

ICE PREVENTION & REMOVAL 

(General Electric). B. F. 


SAE Journal, Vol. 59, No. 2, 
| reference. 


Ice-Proofing the J-47 Turbojet 
Morrell and N. F. Frischhertz 
February, 1951, pp. 43-47 
paper. ) 


, illus (Excerpts from 


Flight Safety & Rescue (15) 


Flight Safety Research. V. FE. Bertrandias leronaut 
Engineering Review, Vol. 10, No. 4, April, 1951, py 
(Excerpts from an address Functions of the U.S.A] 
torate of Flight Safety; safety recommendations 

The Human Factor in Aircraft Accidents. J. A. Newton 
Royal Aeronautical Society, Journal, Vol. 55, No 
1951, pp. 110-115 


Direc 


February, 


Factors relating to pilot error as a cause of airplane ct ishes 
The human errors that cause accidents are chiefly error ol 
judgment, poor technique, disobedience of orders, cat ssness, 


and negligence. The nature yes are 
explained 

New Yardstick for Transportation Safety. Rudolph Modley 
Aviation Week, Vol. 54, No. 6, February 5, 1951, pp. 17, 18, illus 
A method for reporting transportation statistics which bases the 
tabulation on the loss of productive life (years) rather than on loss 


of life 


and etiology of these error ty} 


Tinciple, 
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ption of 
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This "leg’”’ for a globe- 
girdling giant is a 
pneumatic-hydraulic 
aerol landing gear 
strut, precisely ma- 
chined from huge alloy 
steel forgings. 


ALLOY STEELS * 


Cushion 180-Ton Wallops 


e Republic Alloy Steels are fighting metals. 


In jet and reciprocating engines, propellers, structural 
members, armament, they are helping the nation’s 
growing air power get into the air fast . .. climb high 
... stay aloft long. 


And, in these shock-absorbing landing struts, alloy 
steels help cushion the impact of nearly 180 tons of 
long-distance bomber as it wallops the runway at over 
100 miles an hour. 


Alloy steels are extra strong . . . exceptionally high in 
strength-to-weight ratio. They permit production of 
relatively lightweight high-speed equipment with no 
sacrifice of strength and safety. 


They are tough enough to withstand impact, shock, 
strain, vibration and sudden stress reversal. They 
resist the attack of fatigue. They maintain their great 
strength at wide temperature extremes. 


They are uniform in response to heat-treatment . . . pro- 
duce hard, wear-resistant surfaces around tough cores. 


Republic, as world’s largest producer of alloy and 
stainless steels, is well qualified to help you use them 
best. And, through its “3-Dimension Metallurgical 
Service,” Republic has the means to help solve your 
problems promptly. Write: 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES e CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 


ublic 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Securing Passenger-Seats. Flight, Vol. 59, No. 2194, Febru 
ary 8, 1951, p. 150, illus. A cable-harness system to fasten 
craft seats to the floor so that they would not break away 
crash. The cables would take most of the load 

For Safety in Controls. Flight, Vol. 59, No. 2194, February 
1951, p. 163, illus. Methods of preventing incorrect chain 
cable assembly 


I 


A Critical Survey of Modern Practice in Combating the Fire 


Menace in Large Civil Aircraft. Peter J. Detmold. 7h 
nical Instructor, Vol. 5, No. 12, December, 1950, pp. 3-8, illu 

The prevention of fire outbreak by thoughtful design and « 
ful maintenance; ways of confining fires to the region of its 
break; fire detection systems; fire extinguishing 

Safety Need Not Cut Down Performance. 
Aviation Week, Vol. 54, No. 7, February 12, 
(Abstract of a paper. ) 


systems 
Jerome Leder 
1951, pp. 24 


Fuels & Lubricants (12) 


Vapor-Phase Production of Dimethylaniline. T. H 
A.N. Bourns. Canadian Journal of Technology, 
January, 1951, pp. 1-18, illus. 10 references 

Investigation of the formation of dimethylaniline by \y 
phase reaction of aniline and methanol and of 
methyl ether, with activated alumina as the 
yields of purer dimethylaniline 
dimethyl ether process 


Evat 


Vol. 29, No 


aniline 


were obtained 


The Oxidation, Decomposition, Ignition, and Detonation of 
The Nuclear Ignition of n- 
Pentane in the C.F.R. Engine and the Effect on Performance. 


Fuel Gases and Vapors. XVII 
R. O. King, E. J 
Technology 
references 

Fuel Testing in Gas-Turbines. k. ] 
Boddy. Aircraft Engineering, Vol. 23, No 
pp. 40-42, illus. 7 references 

Investigation of the influence of water vapor (humidity 
combustion efficiency and the combustion processes of g 
bine fuels, including the amount of heat 
burning limits with humidity, and temperature 
the combustion chamber and exhaust. 

What Properties Should Jet Fuel Have? Aviation |i 
54, No. 5, January 29, 1951, pp. 26, 29, 30, 32, 37, 38 
illus. Overall picture of the problem of setting up specit 


for jet fuel; availability of fuel for expanded military ope 


and A. B. Allan 


1, January, 1951, 


Durand, 
Vol. 29, No 


Canadian J 


pp. 52-60, illu 


Mackenzie and 
264, February 


released, vari 


distributio 


Fuels for Gas-Turbine Aero-Engines. J. G. Sharp 
Engineering, Vol. 23, No. 263, January, 1951, pp. 2-8, il 


reference 
The requirements of gas-turbine fuels based on the perfor 
needs of engines and the problems associated with supplyi 
fuel from aircraft tanks to the engine combustion chamber 
Surface Chemical ee in Lubrication. J]. E. B: 
and W. A. Zisman U.S., Naval Research Laboratory, Vi 
ton, Report No. 3680, June 20, 1950. 26 pp., illus 19 ref 
Analysis of the surface chemical phenomena encounter 
lubrication: physical adsorption, chemical reactions at the 
liquid interface, colloidal behavior of polar molecules i 
aqueous liquids, and the activity of the liquid lubricant 
a source of, or sink for, 


surface active materials 


Phthalocyanine Lubricating Greases. \V. G. Fitzsi 
R. L. Merker, and C. R. Singleterry U.S., Naval R 
Laboratory, Washington, Report No. 3672, May 25, 195 
pp., illus. 22 references 


Studies on a series of greases prepared from silicones, *'| 
petroleums, diesters, and halocarbons gelled with 20 to : 
cent (by weight) of phthalocyanine pigment. The che 
structure and stability of the pigments are analyzed. Tal 
charts show properties of the prepared greases 

Development of a 10,000 Gallon Collapsible Container. 
Treiber. Ll .S., Central Air Documents Office (Army 
Force Data Digest, Vol. 16, No. 3, March, 195 
20-22 A quickly erectable container for the stora 
petroleum and petroleum products 


Technical 
illus 


Gliders (35) 


Aerodynamics of the Sailplane ‘“‘Tiny Mite.” 
and R.H. Johnson. Soaring, Vol. 14, No. 10, 
ber, 1950, pp. 3, 4, 10, illus. 5 references 


August R 


catalyst. Higl 
with anili 


November- Decen 


ING REVIEW M 


The Horten IV. August Raspet. Soaring, Vo 1 No. 1 
November-December, 1950, pp. 8, 18, illus. 

The Tailless High Performance Sailplane ‘‘Horten [yp» 
Reimar Horten. ( 7hermik, No. 8 9, August 1950 
Sailplane and Glider, Vol February, 195 pp. 4049 
illus 

The Centre of Gravity Launch with Tailless Gliders, 


Gottingen, 
9, No. 2, 


Heinz 
Scheidhauer (Thermik, Gottingen, No. 8-9, August, 1959 
Sailplane and Glider, Vol. 19, No. 2, February, 195 pp. 35, 3¢ 


illus 

The method of center of gravity launch was tested with tailless 
gliders in order to obtain greater release altitude. The cable pul 
was attached to a point considerably below the center of gravity 
and a hook was attached to the undercarriage 
The undercarriage was dropped with a small parachute after the 
glider was released from the tow line 


second release 


Guided Missiles (1) 


A Limiting Case for Missile Rolling Moments. Ern 
Graham Douglas Aircraft Company, Inc., Report No. S¥ 
13812, October 28, 1950. 14 pp., illus. 4 reference A study of 
linearized missile rolling moments for the case of an infinite num 
ber of wings symmetrically arranged about a circular cylinder 

Project Reach. Charles De Vore. Navigation, Vol. 2, No.§& 
December, 1950, pp. 275-281, illus. 

Recket stabilization, recovery of rocket data, instrumentation 
of atmospheric studies, state firing tests of the Viking 


Project 
Reach was completed with the firing of a Viking rocket 


from the 


U.S.S. “Norton Sound,” in May, 1950 
Missile Guidance. G. A. Long, Jr. Navigation, Vol. 2, No.8, 
December, 1950, pp. 290-294, illus. 3 references. Design tech 


niques, materials, maintenance, and operational problems of a 


missile guidance system; automatic navigation devices involved 
Proportional Radio Control. George R. Urquhart. Ae 
Digest, Vol. 62, No. 2, February, 1951, pp. 20, 21, 73, 74, 91, illu 


system of radio control for air 
developed by Bell Airer 
maintains full flight control from the ground station 
portional and the 
on the bases of reliability, three 
of the missile after landing 
Rocket Research Report No. III: 
Rocket. Lester B. Cunningham, E. E 
and R. W. Stroup. U.S., Naval 
Report No July 10, 
Vibrational frequencies 
head 
static 


The proportional 
craft and 


posilioning 


guided missiles, 


on-off"’ radio control systems are compare 


dimensional control recovery 
Vibration in the Viking No.3 
Bissell, L. H. A. Feher 
Research Labor t Vashing 
1950, 40 pp., illus 

and amplitudes occurring 


9699 


and adjacent to the rocket motor were observe¢ ing th 
and during flight of the Viking No. 3 rocket 


Experimental procedures and results are presented 


firing tests 


Instruments (9) 


Frequency Response of Linear Systems from Transient Data 
Melvin E. Laverne and Aaron S. Boksenbom l V.A. 


Report No. 977, 1950. 11 pp., illus. 5 references 


Development of a method for determining the frequency 
sponse function of any linear system from genet rrelativ 
time-response data for the input and output of syste 
development of equations for system equilibrium and t ect 
system dead time on the frequency-response functio1 

Dynamic Analysis of Aeroelastic Aircraft by the Transfer 
Function-Fourier Method. James B. Rea. D Lircra 
Company, Ini Report No. SM-13868, July 13, 19 85 Ppl 
illus. 17 references. Institute of the Aeronautical 5 es, Pr 
print No. 305. Members, $0.35; nonmembers, $0.7 

In the complete dynamic analysis of aeroelastic aircraft by th 
Transfer Function-Fourier method (TFF) the aircraft 1s con 
sidered as a multiple-loop servomechanism with aerodynamic ant 


aeroelastic feedbacks. The transient response of the system 1s a 
termined by representing the input and output quantit 
ponential Fourier series. The development of the TF! 


the field of automatic control is reviewed, and example 


ies by ex 
€ thod 
illustrate 


the application to the dynamic stability analysis of simple-feed 
back servomechanisms and automatic control systems. The 
matrix techniques used in flutter analysis are applicable to the 


dynamic analysis of systems for automatic control 
Method for Determining the Frequency-Response Charactet- 
istics of an Element or System from the System Transient Out 
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LONGEST RANGE 2-ENGINE BOMBERS, 
the mighty P2V's are packed with power. 
Radar “eyes” enable them to hunt subs through 
clouds and darkness . . . and to complete their 
mission with a salvo of rockets. Their specifi- 
cations call for Clifford Feather- Weight 
All-Aluminum Oil Coolers. 


Cool Their Ol With Featle 


Modern aircraft of all types — conventional or jet 
powered — rely on Clifford Feather-Weight All-Alumi- 
num Oil Coolers . . . the only all-brazed type of oil cooler. 
Famous Feather-Weights achieve a remarkable weight 
strength ratio thanks to Clifford’s patented brazing 
method and accurate pre-testing in Clifford’s wind 
tunnel laboratory . . . the largest and most modern in 
the aeronautical heat exchanger industry. Your inquiry 
is invited. CLIFFORD MANUFACTURING COMPANY, 
138 Grove Street, Waltham 54, Massachusetts. Division 
of Standard-Thomson Corporation. Sales offices in 
New York, Detroit, Chicago, Los Angeles. 
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LOCKHEED’S P2V NAVY PATROL BOMBERS © 
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put Response to a Known Input Function. Howard J. Curfman, 
Jr., and Robert A. Gardiner. U.S., N.A.C.A., Report No. 984, 
1950. 10 pp.,illus. 7 references. Superintendent of Documents 
Washington. $0.15. 

Stalling and the Indicator. The Aeroplane, Vol. 80, No. 2061 
January 19, 1951, pp. 82, 83, illus. Operation of the Safe Flight 
stall-warning indicator. 

The Development of a Turbulence Indicator for Liquids Utiliz- 
ing Magnetic Induction. A. Borden. U.S., Navy Department, 
David W. Taylor Model Basin, Report No. 743, November, 1950 
7 pp., illus. 7 references. 

Theory of Kolin’s electromagnetic velocity meter; specifica 
tions for a turbulence indicator; problems encountered in in 
creasing the frequency response and sensitivity of Kolin’s in 
strument. 

An Electromagnetic Flowmeter for Transient Flow Studies. 
James §. Arnold. Review of Scientific Instruments, Vol. 22, No. 1, 
January, 1951, pp. 43-47, illus. 2 references. The development 
of an alternating-field electromagnetic flowmeter for measuring 
transients in liquid flows is carried out for the case of a flow chan 
nel with a rectangular cross section. 

Operating Principles of Some Liquid Flow Meters. 
W. Cole, Jr. Product Engineering, Vol. 22, No. 2, February 
1951, pp. 134, 1385, cutaway drawings. Operating principles and 
accuracy of differential-pressure, variable-area, velocity-measur¢ 
ment, and positive-displacement types. 

Parallel and Rectilinear Spring Movements. R. \. Jones 
Journal of Scientific Instruments, Vol. 28, No. 2, February, 1951 
pp. 38-41, illus. 

Design of instrument movements in which the moving member 
is held in two equal and parallel leaf springs; development of 
straight-line movement through use of parallel springs; 
of friction torque; performance evaluation. 

High-Speed Direct-Trace Recording Methods. 
Loucks. Jnstruments, Vol. 24, No 
illus. 8 references. 

Description of various high-speed direct-trace recording sys 
tems that do not involve photographic techniques. The systems 
covered are: fixed-stylus recorders coupled to electromechani 
pickups, to continuously-variable pickups, to mirror galvanom« 
ters, and to cathode-ray commutator tubes and moving-stylus 
sweep-balance recorders. 

A Frequency Compensated Direct Coupled Amplifier for Use 
with a Four Channel Pen Recorder. J. A. Tanner and B. G. | 
Harrington. Journal of Scientific Instruments, Vol. 28, No. 2 
February, 1951, pp. 33-35, illus. 5 references. 

A direct-coupled amplifier with a balanced power stage has 
voltage gain of approximately 500. Circuit diagrams of th 
amplifier and its components are given. The average sensitivity 
of the amplifier and pen recorder is 15 millivolts per mm. dis 
placement; the response of the pen unit is flat to within +3 pet 
cent up to 100 cycles per sec. 

Graphic Recorders with Fixed Styli. R.S. Bark. Electron 
Vol. 24, No. 3, March, 1951, pp. 162, 166, 170, 174, 178, 182, illus 

The Effect of Pen-to-Paper Friction in Recording Instruments. 
M. J. Tucker. Electronic Engineering, Vol. 23, No. 276, Febru 
ary, 1951, pp. 61-63, illus. 2 references. 

A High-Pressure Differential Manometer. Martin B. Biles 
Instruments, Vol. 24, No. 2, February, 1951, pp. 159,204, 205 
illus. 

A manometer with a heavy case and tempered-glass plat: 
“windows” that permit a direct view of the fluid columns. Thi 
instrument is suitable for pressures up to 3,000-lbs. per sq.in 
which is the pressure limitation of the neoprene seals. 

Servo Power Calculations. Oscar E. Carlson. Electronics, Vol 
24, No. 3, March, 1951, p. 134, illus. Chart of required shaft out 
put power in watts for any combination of speed and torque of 
subfractional motors in tube-driven servosystems. 

Closed Loop Servosystems. John D. Goodell. Radio & Tel: 
vision News, Vol. 45, No. 3 ( Radio-Electronic Engineering, Vol 
16, No. 3), March, 1951, pp. 3A—5A, 26A, 27A, illus. Outline of 
basic principles in the design of servosystems emphasizing the 
application of servosystem concepts in attacking scientific prob 
lems. 

Elimination of Brush Ripple in D.C. Tachometer-Generators 
Used in Servo-Mechanisms. J.C. West and T. W. Hey. Journa 
of Scientific Instruments, Vol. 28, No. 1, January, 1951, pp. 18-20, 
illus. 3 references. 
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NACA VGH Recorder. 
N.A.C.A., Technical Note 
illus. 1 reference. 

A flight instrument for the collection of gust load data 
transport aircraft which records air speed, acceleration, and alt. 
tude continuous by time periods up to 100 hours on photo. 
graphic paper. 

A Precision Electronic Tachometer. S. W. Punnett and H.¢ 
Jerrard. Electronic Engineering, Vol. 23, No. 276, February 
1951, pp. 55-58, illus. 6 references. . 


Norman R. Richardson, Us 
No. 2265, February, 1951. 16 pp. 


Laws & Regulations (44) 


High Altitude Flight and National Sovereignty. John ¢ 
Cooper. Address delivered before the Escuela Libre de Derech 
Mexico City, January 5,1951. 8 pp. 1 reference. Legal aspects 
of high-altitude flight: does the state control the “airspace” oyer 
its land, and, if so, how far upwards does this jurisdiction extend 


Lighter-Than-Aiir (40) 


America’s Largest Blimp, the Goodyear N-1. 
6, No. 1, January, 1951, pp. 40-42, illus. 


Interar 
2 references 


u, Vol 


Machine Elements (14) 
BEARINGS 


Ball Bearing Geometry; 
of Double-Curvature 
Krouse. Wachine 
158-162, illus 

Mounting Needle Bearings. Bearing Engineer, Vol. 11, No 
January-February, 1951, pp. 2, 3, illus. 


Calculating Thermal Deformations 
Deep-Groove Radial Bearings. Ro 
Design, Vol. 23, No. 2, February, 1951, py 


MECHANISMS & LINKAGES 


Analysis of Quadric-Chain Mechanisms. Harry Miller 
Product Engineering, Vol. 22, No. 2, February, 1951, pp. 109-113 
illus 

A method for computing the velocities and accelerations of the 
linkages of quadric-chain mechanisms which uses a parameter to 
compute accurately the values of the angles at any moment. The 
procedure replaces the usual graphic method. 


SPRINGS 


On the Stresses in Close-Coiled Helical Springs. W. M 
Shepherd. Quarterly Journal of Mechanics and Applied Math 
matics, Vol. 3, Part 4, December, 1950, pp. 459-468, illus 
references 


Maintenance (25) 


The T.W.A. Overhaul and Maintenance System; A Note on 
Some Aspects of the Organization Developed by a Major U.S. 
Airline. H.W. Perry. Aircraft Engineering, Vol. 23, No. 268, 
January, 1951, pp. 22-24, 27, illus. 

D-H Goblin Overhaul. Canadian 
February, 1951, pp. 16-19, illus 

Douglas Service, Vol. 9, 
pp., illus. DC-3, DC-6 


Aviation, Vol. 24, No. 2, 


9 
No. 1, January-February, 1951. 


Materials (8) 
METALS & ALLOYS 


Aircraft Metallic Materials Under Low Temperature Condi- 
tions. P.L. Teed. Royal Aeronautical Society, Journal, Vol. 5%, 
No. 482, February, 1951, pp. 61-81, Discussion, pp. 81-86, illus 
20 references 

The chemical aspect; physical consequences of low tempera 
tures; engineering significance of the effects of low temperatures, 
methods of lowering the transition temperatures of ferritic 
steels; nonferrous alloys whose impact resistance decreases with 
temperature. 

A Metal Potential-Difference Nomogram. 
ing, Vol. 23, No. 263, January, 1951, p. 29. 
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7 ...the new steel aircraft control cable that retains control 
sensitivity under extreme temperature variations 


Miller The problem of making a steel control cable that would expand and contract at 
109-11: Expands and contracts at a rate approximately the same rate as the aluminum air frame has at last been solved 
comparable to 24S-T aluminum alloy satisfactorily with U-S:-S American Hyco-Span. It was no simple job . . . but 
ns of the 
ns of the ne took many years of painstaking research and development. 
nt. The : ’ Hyco-Span Control Cable gives positive control at all times—gets rid of 
most temperature compensating devices “ ” 
fluctuations and “‘sloppiness. 
ls non-magnetic Hyco-Span is non-magnetic—can be used close to delicate electrical instru- 
ments. What’s more, it has the high corrosion resistance of stainless steel. 
W. M Has corrosion resistance Hyco-Span also reduces cable friction and has better stability. This may 
d Math of stainless steel permit a reduction in cable tension loads which would result in longer cable life. 
_— You probably have other questions about American Hyco-Span. The chances 
Reduces cable friction are they are answered in our booklet. Send the coupon for a copy. 
AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
2 DAY COLUMBIA STEEL COMPANY, SAN FRANCISCO 
Note on YCO-SPAN 
or US z TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
cable UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
\o. 200, 
1951 >) | American Steel & Wire Co. 
Summary Engineering Report | Room 1231 Rockefeller Bidg. 
giving complete details on Cleveland 13, Ohio | 
U-S-:S American Hyco-Span Please send me your booklet on Hyco-Span Aircraft 
Aircraft Control Cables. | Cable. | 
e Condi- STOR COMPANY 
Vol. 50, 
86, illus 
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Austenite Formation During Tempering and Its Effects on 
Mechanical Properties. E. F. Bailey and W. J. Harris, Jr 


U.S., Naval Research Laboratory, Washington, Report No. 3684, 
June 21, 1950. 9 pp., illus. 12 references 
Mechanical-property data indicate that, if the austenit« 


composes during cooling, tensile ductility and impact resistan 
will be decreased. If the austenite is retained, it will decreass 
yield strength; if it transforms during plastic deformation, it wi 
increase tensile strength, lower elongation and reduction of aré 
and reduce notch toughness 

Discaloy. E.F.Losco. Westinghouse Engineer, Vol. 11, No 
March, 1951, pp. 50-53, illus. Composition, general characteri 
tics, properties, fabrication processes of Discaloy, an alloy capal 
of withstanding high service temperatures and stresses 

Interpretation of Tension Creep-Time Relations. Josep! 
Marin and L. W. Hu. American Society for Testing Mate 
Bulletin, No. 171, January, 1951, pp. 57-59, illus. 

Presentation of a creep-stress relation for creep of metals at 
elevated temperatures which is simple to use and agrees with the 
test data. The creep is assumed to consist of two parts that ar 
both functions of the stress—an initial strain and a subsequi 
time-dependent value. Results of a number of creep-tension i 
vestigations indicate the fitness of this relation. 

Exposure Tests of Galvanized- ey Stitched Aluminum 
Alloys. Fred M. Reinhart. U.S., A.C.A., Techni 
No. 2299, February, 1951. 23 pp., as 

An investigation undertaken to determine the corrosion rat 
aluminum and magnesium alloys used in aircraft after exposut 
to weather and in the tidewater. It is a summary of results of 
investigation of the 24S-T3 and 
24S-T3 aluminum alloys joined to themselves by stitching with 
zine-coated high-carbon steel wire 

Bearing Strengths of Some Aluminum-Alloy Permanent 
Mold Castings. E.M. Finley. U.S., N.A.C.A., Technical 
No. 2312, February, 1951. 15 pp., illus. 2 references 

Bearing tests were made to determine bearing ultimate 
vield strengths of aluminum-alloy permanent-mold casting 
B-195-T4, B-195-T6, and 356-T6 and to compare the ratios of 
bearing to tensile properties obtained with similar data from 
castings of like material 

Static and Fatigue Strengths of High-Strength Aluminum-Alloy 
Bolted Joints. E.C. Hartmann, Marshall Holt, and I. D. Eato 
U.S., N.A.C.A., Technical Note No. 2276, February, 
pp., illus. 7 references. Static and fatigue tests on joints in 75S 
T6, 24S-T4, and 14S-T6 extruded bar. 
A Calculation of the Elastic Constants of Aluminum. Rk. §S 
Leigh. Philosophical Magozine, Vol. 42 (7th Series), No i 
February, 1951, pp. 139-155, illus. 7 references 

The elastic constants are obtained as the sum of the | 
energy and purely electrostatic energy terms of the metal durir 
pure shear. Calculations of the shear constants in a single cry 
are carried out. The manner in which the elastic constants woul 
be expected to change with electron concentration as metals of 
lower or higher valence are dissolved in aluminum is de 
strated, although no experimental data are available for th 
firmation of the theory 

Notes on Magnesium Alloys. 
neer, Vol. 191, Nos 


2 reference 


corrosion behavior of 


1951 61 


A. Fox. The FE» 
4958, 4959, February 2, February 9, 195 


148-150; 180-182, illus., tables. P roduction ; properties 
havior; extrusion; forgings; heat-treatment; fatigue ch 
istics; surface protection; and applications. 


Titanium Rapidly Growing As Useful Buginoering Material 
W. T. Tiffin and P. C. Hoffman. Materials & Methods, 
No. 2, February, 1951, pp. 57-59, illus. 4 references 

Rolling of Strip from Iron Powder. G. Naeser and F. Zir1 
Stahl und Eisen, Vol. 70, No. 22, October, 1950, pp. 995 
The Engineer's Digest, Vol. 12, No. 1, January, 1951, pp. 17-2 
illus. 5 references 

Powdered iron or steel is compressed, passed between two hor 
zontal rolls by friction to form a continuous strip, and sint 
The resulting strip is of uniform thickness and density R 
peated rolling and annealing improve the properties of the 


NONMETALLIC MATERIALS 


Strength of Orthotropic Materials Subjected to Combined 
Stresses. Charles B. Norris. ’.S., Forest Products Laborat 
Madison, Wis., Report No. 1816, July, 1950. 48 pp., illu 
references. 
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Development of a theory of the strength of orthotropic 


ma 
terials subjected to combined stresses. 


Equations that agree with 
test data are developed for the relations between the strength of 
orthotropic materials subjected to a single stress and the 
axes of the material 

Metal-to-Metal Bonding for Aircraft Structures; 
Redux Process. Flight, Vol. 59, No. 2194, 
169-171, illus 

Strength of Heat-Resistant Laminates up to 375°C. B. \ 
Axilrod and Martha A. Sherman 
Vote No. 2266, 1951. 57 pp., illus. 17 
Results of flexural tests on glass-fabric laminates 

Effect of Prestressing in Tension or Compression on the Me- 
chanical Properties of Two Glass-Fabric-Base Plastic Laminates. 
Fred Werren. Forest Products Laboratory, Madison, Wi 
Report No. 1811, 1950. 33 pp., illus 
Results of 36 tension and 45 compression tests 

Reinforced Plastics. Richard J. Francis. Product Engineer. 
ng, Vol. 22, No February, 1951, pp. 85-108, illu 
molding and fabricating; properties and design factor 
and use; industrial and consumer applications. 

New Silicone Elastomer (Silastic 250) Retains Properties over 
Wide Temperature Range. Aaterials & Methods, Vol. 33, No 
January, 1951, pp. 67, 68, illus 

List of Publications on Mechanical Properties and Structural 
Uses of Wood and Wood Products. U'.S., Forest | 
Laboratory, Madison, Wi Report No. R200 Ri d, August 
1950. 48 pp 


natura 


Claims of the 
February & 1951, pp 


chnical 


February, references 


September, 1 references 


l'ypes 


lection 


A list of 463 publications that contain general information 
the results of research by the U.S. Forest Service on the streng 
of timbers and factors affecting strength; 
or parts where 
portant 
headings, 


design of wood articles 
strength or resistance to external forces is in 
References are grouped chronologically under 54 subject 
and the 


author and source are given for each iter 


SANDWICH MATERIALS 


Elastic Constants for 
Charles Libove Hubka U.S., N.A.C.A., Techn 
cal Note No 1951. 105 pp., illus. 6 references 

Presentation of formulas for evaluating the elastic constants of 
a corrugated-core sandwich plate of either the symmetric or ut 
symmetric type. The formulas are limited to plates that are not 
subject to local buckling. The formulas for three of the elasti 
constants have 


Corrugated-Core Sandwich 
and Ralph E 
2289, February, 


Plates 


been checked experimentally, and test results 
agree well with theory 

Short-Column Compressive Strength of Sandwich Construc- 
tions As Affected by the Size of the Cells of Honeycomb-Core 
Materials. C. B. Norris and W. J. Kommers l Forest 
Products Laboratory, Madison, Wis., Report No. 1817, August 
1950. 24 pp., illus. 3 references 
with wood cores and 24 ST clad aluminum facings 

Elastic and Plastic Buckling of Simply ee paar Solid-Core 
Sandwich Plates in Compression. Paul Seide and Elbridge Z 
Stowell. U.S., N.A.C Report No. 967, 1950 

Superintendent of Documents, Washington. $0.15 

Finite Defiections of Curved Sandwich Plates and Sandwich 

Cylinders. F. and Chi-Teh Wang. /nstitute 


Tests on sandwich specimens 


10 pp., illus 


5 references 


Teichmann 


the Aeronautical Sciences, Sherman M. Fairchild Fund, Paper 
F F-4, January, 1951. 9pp.,illus. Sreferences. Members, $0.5 
nonmembers, $0.85 

A finite deflection theory for cylindrical sandwich elements may 
be required under certain conditions that depend primarily upo! 
the rigidity of the core material. There are indications that, as 


the shear rigidity of the core is increased, nonlinear effects becom 


important, as in the case of the homogeneous shell. Accordingly, 
the equilibrium differential equations are formulated, and the 
corresponding stress-displacement relationships are derived fof 


use in further theoretical developments 

Elements of Sandwich Construction. 
tution of Engineers, India, 
1950, pp. 47-62, illus 


S. K. Ghasw Ins 
Journal, Vol. 31, No 
28 references. Reprint 
“Solid-Guide Fixture” for Determining the Properties 0 
Thin Sheet Material in Compression. J. H. Rondeel and G.& 
Duyn. Netherlands, Nationaal Luchtvaartlaboratorium, -\msie! 
dam, Report No. S. 368, May 27,1950. 15pp., illus 
Design of an instrument to determine the properties of thu 
metal in compression. Results are plotted of tests* 
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OV for the B-36 


In Arctic regions where temperatures often hit 
65 degrees below zero, airplanes “freeze up” when 
engines stop turning over. 

To heat up engines and cabins, de-ice wings, con- 
trol surfaces. landing gear and to free hydraulic 
lines. AiResearch engineers have designed and built 
a portable gas turbine powered ground heater— 
another AiResearch first. 

The result of a rush development-production order 
placed by the Air Force several months ago, the 
new heater will produce clean 280° air from six dif- 
ferent outlets on a —65° day, or 4.000000 BTU per 
hour. This is more heat than could be produced from 
100 large floor furnaces. It is designed to warm up 


a multi-engine B-36 bomber within 15 minutes in 
sub zero Arctic weather. It will be used to heat 
living quarters and all types of mechanical ground 
equipment. 

The compact, lightweight AiResearch gas turbine 
which powers the ground heater is completely self- 
contained. Developed as a source of pneumatic power 
for aircraft, its use in the ground heater is an example 
of its versatility. It is also being used to start jet 
and turboprop engines, for operating aircraft acces- 
sories and for ground air conditioning. It is ideally 
suited for any condition where self-contained port- 
able power can be used to advantage. 


* AiResearch — Specialists in the design and manufacture of 
equipment involving the use of high-speed wheels —is a leader 
in the following major categories: 


DIVISION 
Air Turbine Refrigeration # Cabin Superchargers # Gas Turbines @ Pneumatic Power Units Electronic Temperature Controls 


Heat Transfer Equipment @ Electric Actuators Cabin Pressure Controls 


AiResearch Manufacturing Company, Dept. B-5, Los Angeles 45, California 
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Microscopy of Metal Samples by Replica S. 
| Birks and R. T. Seal. U.S., Naval Research Lal 
“he ear Report No. 3693, June 15, 1950. 9 pp., illus 

Microhardness Tester for Metals at Elevated Temperatures. 
Abner Brenner. U.S., National Bureau of Standards, Jour» 
Research, Vol. 46, No. 2, February, 1951, pp. 126-131, illu 
references. (Also available as Research Paper No 
tendent of Documents, Washington. $0.10.) 

Design and operation of a tester for measuring the hardn« 
electrodeposited coatings at temperatures up to 900°C. 1 
inert atmosphere. The instrument consists of a Vicker’s diat 
on a shaft of fused silica. 
25 to 1,000 grams. 

An Evaluation of the Effective Gage-Length Equivalent of the 
Fillet and Shoulder of the Gage-Length Portion of a Tension 
Test Bar Under Creep and Stress-Rupture Conditions. H 
Kinsey. American Society for Testing Materials, Bulleti» 

1, January, 1951, pp. 60-62, illus. 4 references. For me 
ments of metals at high temperatures. 

Nondestructive Testing of Engineering Materials and Parts 
Materials & Methods Manual No. 67). R. C. McMast« 

S. A. Wenk Materials & Methods, Vol. 33, No. 2, Febru 
1951, pp. 81-96, illus. 


2185. Super 


The load on the indenter ranges fr 


Meteorology (30) 


Tables of Precipitable Water and Other Factors for a Saturated 
Pseudo-Adiabatic Atmosphere. U.S., Weather Bure 
nical Paper No. 14,1951. 27 pp., tables. 

Mean Monthly and Annual Evaporation from Free Water 


Surface from the United States, Alaska, Hawaii, and West 
Indies. f Weather Bureau, Technical Paper No. 13, July 
1950. 10 pp., tables. 


Jet Streams: Effect on Flight Planning. Ron Yates. J] 
Vol. 6, No. 3, December, 1950, pp. 14, 15, illus. 2 referenc: 

An Unusual Radiosonde Flight at Lander, Wyoming, Indicating 
Large Vertical Motions. DeVer Colson. 
Society, Bulletin, Vol. 31, No. 10, 
illus. 7 references. 

Gusts—from a Clear Sky. G.S. Hislop. Aircraft, Vol. 29 
3, December, 1950, pp. 18, 19, 40, 41, illus. Investigation of t 
problem of high-altitude gusts in clear air by the British Euro 
Airways’ Clear Air Gust Research Project 

Variation of Upper Air Temperature with Season and Latitude 
Meteorological Magazine, Vol. 79, No. 941, pp. 314-321, tab 

Progress in Meteorological Instrumentation, 1920-1950. 
Athelstan F. Spilhaus. American Meteorological Society, Bu 
Vol. 31, No. 10, December, 1950, pp. 358-364. 44 referencs 

A Simple Form of Sensitive Electric Contact Cup Anemometer 
S. G. Crawford. Journal of Scientific Instruments, Vol. 28 
February, 1951, pp. 36, 37, illus. 2 references 

The counter mechanism of the cup anemometer is rep 
with a make-and-break electric contact to obtain a 
record of mean wind speed with a 6-volt battery and a low 
ance message register. The counter can operate up toa max 
wind speed of 20 meters per sec. The calibration is almost 

A Synoptic Study of Instability Lines. Marion E. Crawt 
American Meteorological Society, Bulletin, Vol. 31, No 
cember, 1950, pp. 351-357, illus. 7 references. 

Some Meteorological Problems Indicated for Jet Transport 
Operation at 40,000 Ft. Henry T. Harrison. Acronaut i 
neering Review, Vol. 10, No. z April, 1951, pp. 52-6 
6 references. Thunderstorm and gust research at high altitud 

Upper Atmosphere Research Report No. XI: 
Geometry of Geiger Counter om Homer E. Newell 
and Eleanor C. Pressly. U.S., Naval Research La 
Washington, Report No. 3715, August 8, 1950. 9pp.,illus. 2 
erences. 


American Meteore 


December, 1950, pp. 371 


a Note on the 


Navigation (29) 


Motion Relative to the Surface of the Rotating Earth. | 
Hoyt Bacon. American Journal of Physics, Vol. 19, 
January, 1951, pp. 52-56, illus. 3 references. 

Wind in Rectangular Co-Ordinates. Robert Ashton ; 
Air Pilots and Air Navigators, Journal, Vol. 10, No. 5-6, Oct 
ber—December, 1950, pp. 27, 28, illus. 


RING REVIEW MAY, 29941 


Astro-Fix by Ranges. 
Journal, Vol. 4, No 


Oliver C. Collins. Jns¢ Nat 
tion, January, 1951, pp. 20-30, tig 
references 

Two methods by which lines of position may lx 


tained by 
observation of stars (in pairs 


without the use of trument 
altitude or for azimuth. These lines of 
position represent arcs of great circles of the earth. An instan 
eous observation is proposed 

The Selection of Stars for Astronomical Navigation. Dp, 4 
Sadler. Institute of Navigation, Journal, Vol. 4, No Tan 
1951, pp. 31-338 

A table of 57 
name, proper 
which are 


scale readings either for 


selected stars showing number on 
name, magnitude, and approxim 
adequate for all purposes of air navigatio 
most all surface navigation 

Navigation and the Aircraft Industry. 
Institute of Navis Journal, Vol. 4, No 


gation, 


stellation 
position, 


nd for al 


Robert Watson Watt 


1, January 1951, pp 
1-11. Overall picture of approach and landing aids and naviga 
tion systems 
An Investigation into Air Traffic Control by a Simulation 
Method. R. B. Coulson and VY. D. Burgmann Institut 


Vavigation, 


Journal, Vol. 4, No. 1, January, 1951, pp. 34-65 
illus. 11 references 

Investigation of air-traflic-control systems in Aust: 
lation equipment ; 


control systems tested with this equipment 
theory of 


approach studies 


airport 
analysis of the 
stacking; 


congestion; radio-range 
orbiting approach system; control by define 
control system using Multiple Tract Rang 
and Distance Measuring Equipment (DME); statistical analysis 
of traffic-control problems when arrival times are not randon 
The Decca Flight Log Pictorial Presentation. C. Powe 
Shell Aviation News, No. 151, January, 1951, pp. 14-19, illu 
Schuler Tuning Characteristics in Navigational lasttenent 
Walter Wrigley. Navigation, Vol. 2, No 
282-290, illus. 9 references 
Schuler tuning is defined 


8, December 1950. pr 


as the condition of mini 
error in a gyrocompass (or in any pendulum) by tunin 
ral period of oscillation of the pendulum in the earth 

approximately 84 min. The physical basis of Schul 

explained and explanations are given for Sch 
tuning in a simple pendulum, a physical pendulum gyropet 
dulum, 


Equations 


and a gyrocompass 
Diagrammatic Solutions for Astronomical Navigation. H. ( 
Freiesleben. Institute of Navigation, } 
1951, pp. 12-19, illus 
Description of the 
ind the 


Journal, Vo 
January, 8 references 

ARG I astronomical computing | 
Calculation Atlas, which are Germ 
methods of using diagrammatic solutions for accutr 

mical navigation 


Astronomical 


Ordnance & Armament (22) 


Fighter Armament. VII-—Simple Rocket Versus Guided 
Missile—and Some General Conclusions. A. R. We) | 
Vol. 59, No. 2192, January 25, 1951, pp. 108-110 


Power Plants 
Atomic-Powered Aircraft Propulsion. A. Kalitinsky 


leroplane, Vol. 80, No. 2064, 
177, illus 


February 9, 1951, | 
Excerpts from a paper 


JET & TURBINE (5 


Turboprops’ Challenge to Turbojets. Paul H ilkinso1 
Aviation Age, Vol. 15, No. 2, February, 
Current turboprop engines are 
power outputs 


1951, pp. 7, illus 
grouped 
Engines in each class are compared 
piston engines of similar power output. A table gives data on th 
turboprops in production and under development, 19° 1951 
Fuel Testing in Gas-Turbines. K. J. Mackenzie and J. ! 
Boddy. Aircraft Engineering, Vol. 23, No. 264, February, 199! 
pp. 40-42, illus 


accord 


7 references 


Calculation of the variation of combustion-chamber iciencies 


and air mass flow due to the presence of water vapor (humidity 


Correction factors are computed 


humidity for the variation of air mass flow for the orif netel 
and Pitot-static tubes used in combustion-chamber tests. © 
rection factors are also obtained for the combustion-chambet 


efficiency and outlet temperature distribution 


and plotted specific 


LE 
OF 
| 
| M 
fe 

th 

pr 


te llatior 


position, 


d for al 


m-Watt 


951. pr 


naviga 


mulation 


ruments 


nr 


Guided 


AERONAUTICAL ENGINEERING REVIEW—MAY, 1951 133 


aston 16 with STAINLESS STEEL 


tor Better Cooks longer life 


LEADING PRODUCERS 
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A complete line of stain- 
less steel fasteners—all 
types and sizes of bolts 
and nuts, rivets, wood 
and machine screws, cot- 
ter pins, washers, etc.— 
are made of Allegheny 
Metal by the leading 
manufacturers in this 
field. Get in touch with 
them for catalogs and 
Prices, or write us direct. 


ADDRESS DEPT. AE-17 


Allegheny Metal fasteners are non- 
rusting, non-staining. They will last 
as long as, or longer than, the mate- 
rials they join. You can count on them 
to stand up through the years—both 
in strength and in bright good looks. 

Best of all, stainless steel fasteners 
can be used anywhere. It isn’t neces- 
sary that the materials to be joined are 
stainless—these corrosion-proof fas- 
teners are the perfect answer for join- 
ing other metals, woods, or plastics. 


You can make it BETTER with 


Fasteners made of Allegheny Metal are 
produced in complete variety—every 
type and size that your job requires. 

For improving quality and reliabil- 
ity wherever they're used—and for the 
economy of lifetime service—specify 
fasteners made of the time-tested stain- 
less steel, Allegheny Metal. @ For any 
technical data or engineering help 
in the use of stainless steel, address 
Allegheny Ludlum Steel Corporation, 
Henry W. Oliver Bldg., Pittsburgh 22, Pa. 
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Armstrong-Siddeley Adder A.S.A.1 Turbojet. Flight, Vol. 59 
No. 2195, February 15, 1951, pp. 187-190, illus., cutaway draw 
ings. 

Successful Trials of a Ducted Fan. The Aeroplane, 80, No 
2064, February 9, 1951, pp. 170, 171, illus. The Aspin 1 gas 
turbine unit, produced by the French Turboméca Co., with 
dual-flow air system. 

A Reducing Valve Development. The Aeroplane, Vol. 80, Ni 
2060, January 12, 1951, p. 57, illus. 

A nitrogen reducing valve for an aircraft fuel system which r 
duces, in one stage, the gas pressure from about 1,800 lbs 
sq.in. to 0.5 lb. per sq.in. The valve, developed by Varley Pumps 
and Engineering, Ltd., is effective down to gas temperatures of 
—3 °C. 

Starters for Turbojet Engines. William D. Downs 
Central Air Documents Office (Army- Navy-Air Force ] 
nical Data Digest, Vol. 16, No. 2, February, 1951, pp. 14-18, 
illus. 3 references. 

Turbine engines require starter assistance up to about 20 pet 
cent or more of rated engine speed, a requirement that ha 
sulted in the development of air and cartridge-type start 
Each type is described, and its performance is evaluated. Curvy 
compare the effective horsepower for the starter types and giv 
the overall weight for various engine installations. 

Gas Turbine Installation. H. W. Sidwell. Hawker Sidd 
Review, Vol. 3, No. 4, December, 1950, pp. 13-18, illus 
lems encountered in installing a gas-turbine engine in a flyi 
test bed; testing procedures. 

Turbine Blade Fastenings; A Review of Early and Modern 
Designs. Harold Woodhouse. Machine Design, Vol. 23, No 
February, 1951, pp. 148-158, illus 

Free and Forced Vibrations of Rotating Blades. 
Plunkett. Journal of the Aeronautical Sciences, Vol 
April, 1951, pp. 278-282, illus. 14 references 

Development of the matrix equations governing trans\ 
vibration of a rotating twisted cantilever beam, such as 
peller or a turbine blade, from which the vibration in natur 
quency with rotational speed can be determined. This 
is applied to the forced vibrations of a blade due to oscill 
loading. 


RECIPROCATING (6) 


Air Force Development of an Air-Cooled Supercharged, Light- 
weight Multifuel Diesel Engine. M. E. Davis and F. J. Neug 
bauer. U.S., Central Air Documents Office (Army-Navy 
Force), Technical Data Digest, Vol. 16, No. 3, March, 195 
15-20, illus. 1 reference. 

Development of a two-cylinder Diesel engine that can oper 
on fuels ranging from common Diesel oil through 100-octan 
tion gasoline. This development is part of an Air Force proj 
to design a compact air compressor for aircraft maintenance 
servicing. The engine is of simple construction, has low 
and high displacement, and is suitable for arctic operations 

Development and Performance of Aero-Engine Fuel Injection 
Systems. A.R. Griffin. Shell Aviation News, No. 151, January 
1951, pp. 20—24, illus. 

Results of development work on port and direct cylinder 
injection systems as applied to a variety of full-scal 
cylinder aircraft engines. The design requirements of th 
methods of injection and their potentialities are assessed 

Tests Reveal Best Gaps for Aircraft Spark Plugs. C. EF. Sw 
son and J. W. Miller. SAE Journal, Vol. 59, No. 2, Febru 
1951, pp. 32-35, illus. (Excerpts from a paper.) Experim: 
investigation to determine the maximum permissible gaps for 
craft-engine spark plugs under various operating condition 

Turbo-Supercharging. Flight, Vol. 59, No. 2194, Febru 
1951, pp. 153, 154, illus., cutaway drawings. Operation of 
General Electric CH 9 turbosupercharger for use with the Pr 
Whitney R-4360 Wasp Major engines 


ROCKET (4) 


Application of Rocket Power to Aircraft. Howard R 
Aeronautical Engineering Review, Vol. 10, No. 4, April, 1951 
24-30, illus. Liquid-propellant rockets for manned 
power-plant characteristics; propellants; advantages of roc 
powered aircraft. 

Rockets and Assisted Take-Off. A.V. Cleaver. Royal A 
nautical Society, Journal, Vol. 55, No. 482, February, 1951, | 
87-102, Discussion, pp. 102-109, illus. 4 references 
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motor design; fuel composition, performance, and e 
lems in the proper selection of a rocket and its fu 
use 


NOMy; prob. 
lor practical 


Production (36) 


Engineering Developments in Production Processes, 7 
Piper. Western Flying, Vol. 31, No. 2, February, 1951 
33, illus. (Excerpts from a paper.) Factors affecting 
engineering methods, processes, and tools; uses of p 
ing machines; welding; controls. 


Metal-Stitching; A Review of the Possibilities of the Process: 
Strength-Characteristics and Applications. C. A. H 
Aircraft Production, Vol. 13, No. 148, February, 1951 
illus 


.E 
» Pp. 12-14 
production 
istics; form. 


Pollitt, 
pp. 62-64, 


West Coast Metalworking Progress in 1950. Thom 
son. Steel Processing, Vol. 37, No. 1, January, 195 
43, 49, illus 

Installation of Hufford stretch-forming machines at North 
American Aviation, Inc., for sheet-metal fabrication and moder 
welding equipment at Boeing Airplane Co.; low-melt alloys and 
high-strength plastics were used as casting compounds for mold 


A. Dickin. 


pp. 20-22 


and die fabrication at Convair 


Simplified Die Making Through Standardization. Ralph L 
Weisbeck. Aero Digest, Vol. 62, No. 2, February, 1951, pp. 42 
66, illus. The Wales Multiple Hole Punching System, for round. 
hole perforating, uses standardized punch and die elements com. 
pletely interchangeable within their respective hole ranges. The 
assembly is self-contained, thus eliminating all die setting. 

Magnesium Assembly Methods. J\agasine of Magnesium, 
February, 1951, pp. 8-11, illus 

Procedures Used in Precision-Casting Foundry. William F, 
Davenport and Adolph Strott. U.S., Central Air Documents 
Office (Army- Navy-Air Force), Technical Data D , Vol. 16, 
No. 2, February, 1951, pp. 19-23, illus 

Preparation of soft-metal dies for wax casting Wax injec- 
tion process; precoating the pattern; and firing the mold. The 
alumina-silica precoat gave a smooth oxide-free surface on high 
chromium-content alloys. Precoats containing varying propor- 
tions of silica flour and alumina were tested to determine the 
optimum precoating material 


Using the Cecostamp for Impact Forming Sheet Metal Parts 
for Aircraft Production. R. B. Stubbs. Aviation Age, Vol. 5, 
No. 2, February, 1951, pp. 40-45, illus 

Wood Tooling; Specialist Manufacture of Tools for Rubber- 
Die and Stretch-Forming; Composite Stretching Tools for Anti- 
Icing Panels. Aircraft Production, Vol. 13, No. 148, February, 
1951, pp 35-37, illus. 


Honing; Use of Higher-Power Equipment for Fast Stock- 
Removal. E. D. Ball. Aircraft Production, Vol. 13, No. 148, 
February, 1951, pp. 51, 52, illus. 

Squeeze-Riveting; Equipment for Flush-Riveted Fuselage 
Skin Panels for the Bristol Type 175 Aircraft. A ircraft Prodw- 
tion, Vol. 13, No. 148, February, 1951, pp. 41—48, illus 

The Welding of Aluminum Alloys, Particularly for Structural 
Applications. W.K.B. Marshall. Institute of Welding, Transae 
tions, Vol. 13, No. 6, December, 1950, pp. 178-185, illus. 22 
references 

Easy Buying. James Joseph. Aero Digest, Vol. 62, No. 2, 
February, 1951, pp. 19, 83, 85, 87, illus. The use of automat 
business machines (punch-card techniques) in inventory and pur 
chasing control at Douglas Aircraft. 

Machine-Load Planning; Application of Remington Rané 
Sched-U-Graph System to the Control of Production Process. 
Aircraft Production, Vol. 13, No. 148, pp. 38-40, illus 

Production Engineering, Administration and Managemet. 
VIII. J. V. Connolly. Aircraft Engineering, Vol. 23, No. 26 
January, 1951, pp. 19-21. 5references. 

Design Economics; Analysis and Co-Ordination of Material 
and Manufacturing Costs (at The Glenn L. Martin Compaiy) 
John Van Hamersveld. Aircraft Production, Vol. 13, No. 1% 
February, 1951, pp. 53-59, illus. 

Cost Control Engineering. I—Organization and Functions 
John Van Hamersveld. Machine Design, Vol. 23, No. 2, Febnt: 
ary, 1951, pp. 108-114, illus. Functions of the consulting grou? 
of design cost-control engineers at The Glenn L. Martin Co. 
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form. 
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Nor 
‘lal . Hydraulic pump motors normally 
ulloys and operate through a reduction to achieve 
for mold pump speeds of 3 - 4000 R.P-M- 
; N pe Lllustrated at the left is a new motor 
designed for high-speed pumps which 
reguires no such reduction. Developed 
ents com- by EEMCO in cooperation with the 
The 4 designers and builders of leading 
: aircraft, this motor was designed for 
an allowable pump speed of 7200 R.P.M. 
The motor mounts directly on the pump 
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roviding the 


William with an internal 
the armature shaft P 


Documents 
coupling. 

Use of this new unit 4 
significant savings in weight, 
eliminating gear loss 
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nold. The increases 
ce on high efficiency by 
ng propor: and makes for 
rmine the 

Tetal Parts 


, Vol. 15, 
EMCO development, the 
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Another new E 
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February, design 
‘ast Stock- altitudes. Duty cycle is 
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Fuselage continuous. High temperature materials 

ft Produt- og and silicone insulation are used 
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r Structural 
, Transat 
5, illus. 2 
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Propellers (11) 


Tests of Two-Blade Propellers in the Langley 8-Foot High 
Speed Tunnel to Determine the Effect on Propeller Performance 
of a Modification of Inboard Pitch Distribution. James B. Del 
and Melvin M. Carmel U.S., N.A.C.A., Technical Not 
2268, February, 1951. 67 pp., illus. 5 references 

Free and Forced Vibrations of Rotating Blades. Ro 


Plunkett. Journal of the Aeronautical Sciences, Vol. 18, N 
April, 1951, pp. 278-282, illus. 14 references 

Development of the matrix equations governing transvet 
vibration of a rotating twisted cantilever beam, such as 


peller ora 
frequency 
analysis is 


from which the vibration in nu 


speed can be 


turbine blade, 
with rotational 
applied to the 
oscillating loading. 


determined 
forced vibration of a blade 


Reference Works (47) 
BIBLIOGRAPHIES 


A Bibliography of Rotating Wing Aircraft. A. J. Bennett 
R. N. Liptrot. Helicopter 
Vol. 4, No. 3, October—December, 1950, pp. 118-133 

A list of 281 ill published work consid 
valuable from the historical, theoretical, or practical engi! 
point of view. The material is presented in chronologic 
under 12 classified headings. 


Association of Great Britain, J 


items covering 


YEARBOOKS 


Inventory of Air Power. Aviation Week, Vol. 54, No. 9 
ary 26,1951. 206 pp., illus 

Survey of U.S. aviation military, 
research, personal flying, guided missiles, elect 
helicopters, lighter-than-air craft, and air transport; 
power—mobilization, 


industry 
airports, 


manufact 


foreig 
civilian production, and military airet 


Engine and aircraft specifications and photographs are in 


Rotating Wing Aircraft (34) 


Helicopter Design. 
No. 2, February, 
design progress; 
ter development. 

The Helicopter. [lI 


Robert McLarren 
1951, pp. 75-82, 8&4, illus 
engineering problems; 


Aero Digs 
Review of he 
a chronology of |! 


Present and Future Uses of Rotating- 
Wing Aircraft; Trends in Design. R. N. Liptrot. F 
59, No. 2191, January 18, 1951, pp. 78-82, illus 
A Bibliography of Rotating Wing Aircraft. A. J. Benn 
R. N. Liptrot. Helicopter Great Britain, J 
Vol. 4, No. 3, October-December, 1950, pp. 118-133 
A list of 281 items covering all published work considet 
able from the historical, theoretical, or practical engineering 
of view. The material is presented in chronological ordet 
12 classified headings. 


1 ssociation of 


Airworthiness Requirements and Fatigue of Helicopters. 
Sh i Aircraft Engineering, Vol. 23, No. 264 
pp. 32-35, 54, illus. Some unconventional 
flections on the true 
them. 

Hiller’s $5,000 Helicopter. 
No. 3, March, 1951, pp 

The Hiller Hornet, 
copter with 
1,100 f.p.m.., 
mately 


, February 
and controvet 
significance of failures and how 


Howard Waldorf 
17, 62, illus 
a twin ram-jet, 


Flyir 
two-place, two-contt 
a cruising speed of 70 m.p.h., 
and a ceiling of 11,000 ft 
50 miles 


a climbing 
Cruising range is 


Helicopter Maintenance. Maintenance As It Affects the Reg 
lar Scheduled Operator. A. Voss. Helicopter Maintenance for 
the Non-Regular Schedule Operator. Alan E. Bristow 
Problems of Helicopter Maintenance. J. Leason. 7) 
nical Instructor, Vol. 6, No. 1, 1951, pp. 3-12 
sion, pp. 12-15, illus. 

Helicopter Maintenance. FE. A. Voss 
of Great Britain, Journal, Vol. 4, No. 2, July-September 
pp. 50-55, Discussion, pp. 67-76, illus. Details of the “‘prog: 
maintenance system”’ developed by B.E.A. 

Helicopter Maintenance for the -Regular Schedule ra- 
tor. Alan E. Bristow. Helicopter Association of Great } 
Journal, Vol. 4, No. 2, July-September, 1950, pp. 56-62, Diset 


General 
January, 


Helicopter 1 


LING 
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sion, pp. 67-76. Maintaming the Hiller 360 for 


inercial 
operations 
General Problems of Helicopter Maintenance. Leason 
Helicopter Association of Great Britain, Journal, Vo 1 No.9 
July-September, 1950, pp. 63-067, Discussion, pp. 67-76 The 
problems from the standpoint of the maintenance e1 r: the 
need for improved test procedures and maintenance: tals ic 


stressed 

Helicopter Maintenance. Accessibility, Servicing, 
ing of Components. G. FE. Walker. 
Helicopter Maintenance. I’. 
Aspect. W.E. Cooper. 
Journal, Vol. 4, No. 8, 
Discussion, pp. 104-117, 


and Test- 
An Analysis of Present-Day 
Swain. Materials and Fatigue 


copter Association of ( 


October 
illus 
Some Operational Problems of Public Transport He licopters. 
R. H. Whitby. Royal Aeronautical Society, Jour 
No. 481, January, 27 12, illus 
The progress of, and requirements for 
navigation, and landing 


December, 1950, | _ ins 


11 referenc 
, hight and blind flyin 
ipproach under instrument 
he requirements for safe operation to and from restrict 
tions are considered in view of enabling helicopter trans] 


1951, pp 


Sery 
ice to approach the regularity of fixed-wing aircraft service 

Ramjets Power Hornet Helicopter; Tiny Hiller Craft, Using 
Two Basic Combined Methods, — Excellent Flight Per- 
formance. -lvation Week, Vol. 54, No. 8, February 
25, illus 


1951 


Effects of Compressibility on the Performance of Two Full- 


Scale Helicopter Rotors. Paul J. Carpenter. U.S 1.C.A., 
Technical Note No. 2277, January, 1951 17 pp., illus 
references Fests on twisted and untwisted rotor blades in the 


Langley helicopter test tower 
to obtain stall 


it tip speeds of 350-770 ft per sec 


and compressibility data 


Sciences, General (33) 


MATHEMATICS 


Dynamic Analysis of Aeroelastic Aircraft by Transfe r Function- 
Fourier Method. James B Douglas Aircraft Company 
Inc., Report No. SM-13868, July 18, 1950. 85 pp., illu 17 


Rei 


references. Institute of the Aeronautical Sciences, | No 
305. Members, $0.35; nonmembers, $0.75 

The Transfer Function-Fourier (TEE) method obtai il 
single analysis, flight-path stability, dynamic tail 
flutter response of an aircraft by treating the aircraft 1 Ser 


mechanism The concept of the transfer functior 

application of Fourier techniques are explained. In « g 
the transient response of the system, the input and output are rep 
resented by the exponential form of Fourier seri Commot 
I.B.M. matrix-multiplication techniques are a convenient and 
practical tabulating method. The Log Modulus Control Metho 
developed by Brown and Campbell) is used for multiplying and 


dividing the transfer functions 


matic computation methods 

Estimation of the Errors of the Least-Squares Polyn omial C Co- 
efficients. P. G. Guest lustralian Journa 
A, Phy SCLENCES, Vol No > tember, 


1950, pp. 364-375, 


is easily adapt 


arch, Ser 
illus. 4 references 

Using the Ordinary Slide Rule to Reciprocate Complex Num- 
bers. William A Edson Journal of E-nvineert) 
Vol. 41, No 5, January, 1951, pp. 336, 337, illus 

Universal High-Speed Digital Computers; A Small-Scale Ex- 
perimental Machine. C. Williams, T. Kilburn G. 


I.E.E., Measurements Section, Pap 

Institution of Electrical Engineers, Proceedings, P 

see mona Vol. 98, No. 61, February, 1951, pp. 15-25, illus 
11 references. A computer that uses the serial binary-digi 


system of number representation 


A Mechanical Model for Demonstrating Fermat’s Principle. 
W. Cullen Moore. American Journal of Physics, Vol. 19, No 
January 


1951, pp. 1-5, illus 


Application of the action’to mechanical sys 
explanation of the simular 
ity between an optical system and its mechanical an 


theory of least 


tems, electric circuits, and ray optics; 


Compact Digital Differential Analyzer. Electronic yl. 24 
No. 3, March, 1951, pp. 244, 246, 248, 250, 252, illus 
MADDIDA, a magnetic-drum, digital differential analyzer de 


veloped by Northrop Aircraft, Inc., for the solution of linear and 
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‘wo Full- 
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illus. § 
in the 
Turbo Jet Engine 
Function- The Fairchild Engine Division is designing, and produc- 
( pany 
7 ing specialized turbine engines—some of them for uncon- 
ventional applications—and is mass producing such vital 
n components of General Electric’s J-47 engine as the tur- 
rvo . . 
the bine wheel and shaft, nozzle diaphragm, and the forward 
epee and rear compressor frames—main supporting structures Forward Frame 
ommol . 
of the engine. 
) Me 
Geared to the exacting requirements of aircraft engine 
ssiatal ities production, Fairchild is able to meet the expanding de- 
iis mands of the military establishments and take its place 
— in the rearmament program; producing in volume urgent- 
lex JNUM- 
ly needed components and pressing forward the develop- 
Scale Ex- ment of turbine and reciprocating engines for specialized 
105 application in the military equipment of the future. 
28, illus 
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iple. 
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For Drawings That Wont 
Get ‘EDGY’ With Age... 


Specify Arkwright Tracing Cloth! Then you can be 
sure that no matter how often a master drawing is 
yanked out of the cabinet, it will never become 
ripped, or paper-frayed around the edges to spoil 
your work. 


Arkwright Tracing Cloth is the best insurance 
you can get that your drawings will never go 
brittle, discolor or become opaque with age. Best 
insurance, too, that original drawings are always 
sharp, clean and ghost-free. Erasures on Arkwright 
cloth re-ink without feathering. And every roll is 
carefully inspected for pinholes, thick threads o1 
imperfections of any kind. 

All good reasons for you to remember: if a 
drawing is worth saving, put it on Arkwright Trac 
ing Cloth. Would you like a sample? Write Ark 
wright Finishing Company, Providence, R. I. 
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nonlinear differential equations of any order or de; integral 
equations, transcendental algebraic equations, and ultancoys 
sets of such equations 

New Brains on the Job. Louis R. Huber. Bo ore 
Vol. 21, No. 2, February, 1951, pp. 11-13, illus. Boeing’s ej 
tronic analog computer 

A Device for Computing Correlation Functions. A Hastings 

umd J. Meade. U/.S., Naval Research Laboratory, Washingtg 
Report No. 3679, June 16, 1950. 5 pp., illus. 3 references. 

Analog computer for autocorrelation functions and the erose. 
correlation of two different functions. The computer handles 
Fourier transforms obtained from a sample of time functions by 


a mechanical wave analyzer or by computation 


Proposed Design of the NRL Electronic Digital Computer, 


1). H. Gridley and B. L. Sarahan U.S., Naval Re Labora- 
tory, Washington, Report No. 3714, July 18, 1950 pp., illus 
| reference 

Design details of a general purpose, high-speed, electroni 


digital computer (NAREC) of the parallel type, which will per 
form addition, subtraction, multiplication, and division with 
binary numbers of 44-digit precision at the rate of 9,000 opera- 
tions per sec Che computer will handle the reduction of experi 


mental data, solution of systems of linear equations with a | 


large 


number of unknowns, nonlinear differential equations, and similar 


complex problems. Memory facilities are an electrostatic 


Loragt 
for 1,024 words and a magnetic-drum storage for 2,048 words 

Machined ‘‘Math” Saves Man-Hours. Franklin Myers. 
Vartin Star, Vol. 10, No. 2, February, 1951, pp. 10 5, illus 

Operations of the Automatic Computing Section of The Glen 
L.. Martin Co. This section uses 1.B.M. punched-card machines 
(the calculating punch and the Card-Programmed Calculator 
the Electronic Analogue Computer (REA nd te 
computing equipment for acrodynamic tructural cal 
tions, 


Reeves 


und 


Application of Potential Theory to the Design of Linear Arrays. 
Fhomas T. Taylor and John R. Whinnery. Jour | pt 
Vol. 22, No. 1, 
references, 

Mathematical 
tric analog computer for the synthesis of arrays to produce 


Phys ve January, 1951, pp. 19-29 


ind electric analogy theory underlyi 


sired radiation pattern and for the evaluation of existing arrays 


he procedure is based on the polynomial formulation of tl 


linear array problem 


A Simple Analogue Computer for Fourier Analysis and Syn- 


thesis. J. H. Bowen and T. FE. Burnup. Electronic Ep 


Vol. 28, No. 276, February, 1951, pp. 67-69, illu refer 
Cheory, general circuit arrangements, and operating details of 
inalog computer with an expected accuracy of +5 pet t of tl 


maximum reading 


An Improved Electrical Network for Determining the Eigen- 
values and Eigenvectors of a Real Symmetric Matrix. Abrahat 
Many. Review of Scientific Instruments, Vol. 21, No Decen 
ber, 1950, pp. 972-974, illus 


Phe network, capable of solving matrices up to the tenth order 


1 reference 


has an eigenvalue accuracy of 0.01 per cent of the difference b 


tween the greatest and smallest values and an eigenvector 
curacy of more than | per cent of the greatest component 
The eigenvalues are given by the resonance frequencies of tk 
network, and the components of the eigenvectors are given by the 
voltages across the coils 

On the Application of Dimensional Analysis. 5. |’. Borg 
| merican Journal of Physics, Vol. 19, No. 2, February 951, pI 
69-73. 5references 


Presentation of a method of dimensional reasoni 


based on tensor invariants and on a postulated form of 

equations in applied mechanics. The differential equations ol 
some of the invariant equations may be obtained qualitatively by 
a consideration of the characteristic tensors in the field under im 
vestigation. The procedure is applied to equations appearing ! 
problems of elasticity, fluid mechanics, vibration, and loadings 0! 


plates and shells 


Bounds for Characteristic Roots of Matrices. II. Olg 


laussky U.S., Nattonal Bureau of Standards, 

search, Vol. 46, No. 2, February, 1951, pp. 124, 125. 4 references 
(Also available as Research Paper Vo. 2184. Superint dent ol 
Documents, Washington $0.05.) Bounds of charac terist 
roots of matrices with positive (nonnegative) elements, boumes 


for multiple roots. 
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VALVES 


ADAPTABLE TO YOUR 
REQUIREMENTS 


Bendix-Pacific engineers over the past 16 months 
have developed an outstanding new line of 
Solenoid-Pilot Operated Hydraulic Selector Valves. 
The extreme flexibility of this equipment makes it 
adaptable to a wide range of applications 
where unusually fast operating speeds and light 
weight are required. All electrical holding coils 
and switches have been eliminated from these 


new valves and they function with low current drain. 


Listed below are a group of the valves 


recently ordered for latest military aircraft. 


ASSEMBLY APPROX 
|_ DESCRIPTION REMARKS NO. WEIGHT 
1a” T.S. 4-Way Cylinder Ports Connected to Return in Neu- 
Selector Valve tral = Solenoid De-Energized. Manual 550680 1.75 Lb. 
Over- Ride. 
Ye" T.S, 4-Way Cylinder Ports Connected to Return in Neu- = 
Selector Valve tral with Solenoid De-Energized. Manual 550690 1.75 Lb. 
Over- Ride. 
34” T.S. 4-Way Cylinder Ports Connected to Return in Neu- ae 
ate tral with Solenoid De-Energized. Manual 550700 3.1 Lb. 
Selector Valve Over- Ride 
i" TS ‘we Cylinder Ports Connected to Return in Neu- 
‘ : tral with Solenoid De-Energized. No Manual 548690 1.75 Lb. 
Selector Valve Over- Ride 
V2" T.S. 4-Way Cylinder Ports Connected to Return in Neu- 
S > ae tral with Solenoid De-Energized. No Manual 548570 1.75 Lb. 
elector Valve Over- Ride 
34” T.S. 4-Way Cylinder Ports Connected to Return in Neu- 
Selector me tral with Solenoid De-Energized. No Manual 548710 3.1 Lb. 
elector Valve Over-Ride 
34” T.S. 4-Way Cylinder Ports Blocked to Return in Neutral es 
ee with Solenoid De-Energized. No Manual 551210 2.0 Lb. 
Selector Valve Over-Ride 
V2" T.S. 4-Way “Cylinder Ports Blocked to Return in Neutral 
med with Solenoid De-Energized. Manual Over- 550800 2.0 Lb. 
Selector Valve Ride 
%” T.S. 3-Way ‘Cylinder Port Connected to Return ‘in Neu- 
tral with Solenoid De-Energized. Manual 550660 1.6 Lb. 
Selector Valve Gier-Ride 
54” T.S. 3-Way Cylinder Port Connected to Return in Neu- 
tral with Solenoid De-Energized. Manual 550585 2.2 Lb. P.. of. D Vi: 
Over- Ride. a 
5,” T.S. 3-Way Cylinder Port Blocked to Return in Neutral 550630 2.2 Lb cl, 1€ 4$10 
|__ Selector Valve with Solenoid De-Energized. 
14” Dual “Bendix Aviation Corporation 
Bank 4-Way Cylinder Ports Connected to Return with 550610 2.8 Lb 
Selector Valve Solenoid De-Energized. Manual Over-Ride. NORTH MOLLY WOOD, CALIF. 


East Coost Office: 475 Fifth Ave.. New York 17 e Export Division: Bendix International, 72 Fifth Ave., New York 11 e Canadian Distrib.: Aviation Electric, Ltd., Montrecl 
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On the Vibratory Characteristics in the System Having a Small 
Clearance. I. Kichiji Nishino. Japan Society for Applied 
Mechanics, Journal, Vol. 3, No. 19, October, 1950, pp. 145-149 
illus In Japanese. The nature of the subharmonic 
resonance in the system is studied by expressing the restoring 
force in the form of a fifth-degree curve of displacement 


5 references 


Space Travel 


Rocket Navigation. 
8, December, 1950, pp. 259-272, illus. 

The celestial mechanics systems of Ptolemy, Copernicus, 
Kepler, and Galileo are briefly reviewed as a basis for the compu 
tation of rocket trajectories in space 


Samuel Herrick Vol. 2 


Navigation, 


The two-body problem i 
used to explain the establishment of a satellite orbit (around th 
earth) and the orbit for a trip to Venus or Mars. The intet 
planetary trajectories are, essentially, geocentric rectilinear orbi 

in the initial phase, heliocentric ellipses in the intermedia 

phase, and planetocentric rectilinear orbits in the final phas« 
The application of ‘‘three-body”’ and the ‘“‘special perturbatio1 

procedures are explained. A table of constants and calculatio 
procedure are presented for computing rocket trajectories bas« 

on two-body analysis. 


Instruments for Upper Atmosphere and Euberpuametary Naviga 


tion. John C. Bellamy. Navigation, Vol. 2, No. 8, December 
1950, pp. 272-275. Conditions of operation; ‘limitations of pt 
ent aircraft navigational instruments; possible future inst1 


ments 


Structures (7) 


Dynamic Analysis of Aeroelastic Aircraft by the Transfer 
Function-Fourier Method. James B. Rea Douglas 
Company, Inc Report No. SM-13868, July 13, 1950. 85 py 
illus. 17 references. Institute of the Aeronautical Sciences, P1 
print No. 305. Members, $0.35; nonmembers, $0.75 

The Transfer Function-Fourier method (TFF) provides, i 
single analysis, the complete rigid-body and aeroelastic analysi 
in aircraft. An aeroelastic aircraft is analyzed dynamically by 
treating it as a multiple-loop servomechanism with aerodynami 
and aeroelastic feedbacks. A clear picture of the true physical 
nature of the system is provided; the response data can be readily 
checked by dynamic flight-test techniques. Examples demo 
strate the applicability of the TFF method to actual aircraft 
dynamic analysis, including the effects of tail and gust load 


Note on the Distortion Characteristics of Swept and Cranked 
Wings in Relation to Flutter and Other Aeroelastic Phenomena. 
D. Williams. Royal Aeronautical Society, Journal, Vol. 55, No 
182, February, 1951, pp. 116-125, illus. 3 references 

The parts played by calculation and by resonance tests o 
simplified scale models in obtaining the normal modes of an ait 
plane with wings of unorthodox plan forms are discussed on th 
basis that the normal modes are the best means of defining th 
elastic-inertia characteristics of an aircraft for the 
flutter investigations. 


purpose 


The Characteristics of Systems Which Are Nearly in a State 
of Neutral Static Stability. W. J. Duncan. Journ 
Mechanics and Applied Mathematics, Vol. 3, December 
1950, pp. 452-458. 2 references 

What Does the Theory of Plasticity Offer to the Designer? 
William Prager. The Trend in Engineering, Vol. 3, No. 1, Janu 
iry, 1951, pp. 8-12, illus. 

The mechanical concepts of the theory of plasticity which i 
fluence design practices are presented in an elementary mann 
The effect of plastic loading of the structure is explained graphi 
cally and in a greatly simplified mathematical manner. 

Lateral Elastic Instability of Hat-Section Stringers Under Com 
pressive Load. Stanley Goodman. U.S., N.A.C.A., Tech 

Note No. 2, January, 1951. 35 pp., illus. 2 references 

The buckling loads for five stringers are computed ovet 
range of lengths by a conventional strain-energy method that e1 
ploys two arbitrary constants in the deflection equations. Aj 
equation having five arbitrary constants is derived and used t 
compute the buckling loads for various lengths of one of the fiv 
stringers. 


Quarterly 
Part 4, 


NGINE 


On the Torsion of a Circular Rod of Non-Uniform Diameter. 


Yuzo Nakagawa. Japan Society for Applied Mechanics, 


Journ 


I 
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Vol. 3, No. 19, 


In Japanese 


October, 1950, pp. 154-157, illus. 3 references 
Supplement to an earlier study in whicl 
homogeneous material was assumed, and a general solution ex. 
pressed by Legendre’s associated functions was obtained 

Design Factors for Stress Concentration. I 
Grooves in Bending. R. E Machine Design, Vol, 28 
No, 2, February, 1951, pp illus. 9 references 

Data sheets give stress-concentration factors in graphic form: 
the application of the data sheets is explained. Data are given 
for the cases of notches, grooves, fillets, and transverse holes syb. 
jected to axial bending or torsional loading. 


An Investigation of Pure Bending in the Plastic Range When 
Loads Are Not Parallel to a Principal Plane. Harry A. Williams 
U.S., N.A.C.A., Technical Note No. 2287, February, 1951. 61 
pp., illus. 6 references. Tests of rectangular and I[-beams of 
758-0 aluminum alloy with the plane of loading at angles of 0°, 
, and 90° to the minor principal axis of the cross section 


non- 


Notches and 
Peterson. 


169-173, 


30°, 60 


A Method for Calculating Stresses i ? Torsion-Box Covers with 


Cutouts. Richard Rosecrans US:;. A.C.A., Technical Note 
Vo. 2290, February, 1951. 38 pp., ae 3 reference 

Che method of analysis is based on an idealization of the cover 
in which the uncut portion is represented by three stringers that 
carry all direct stresses; all the shear is carried by the webs and 
cover sheets. Expressions are developed for the shear and direct 
stress in terms of the torque distribution between the shear webs 
und cover sheets in the cutout. The actual torque distribution is 


computed by use of the 
shear and direct 


principle of least work, thus giving actual 
Differential equations of equilibrium 
of the 


stresses 
ire derived for the 
stringer 


stresses along 


computation 


Moment of Resistance of Beams Stressed Beyond the Elastic 
Limit. M. Ish Horowicz lircraf 


t Engineering, Vol. 23, No. 268 


January, 1951, pp. 9-14, illus. 48 references 
Presentation of a method for predicting the moments of re- 
sistance of beams, subjected to pure bending beyond the limit of 


proportionality, which applies to all types of sections and 
terials that have different stress-strain properties in tension 


compression 


Phe calculations involve only simple mathemati 
expressions and give 


i high degree of accuracy 


Studies on the Buckling of Riveted Thin Plates. Tomio Kubo 
Japan Sor rety for App led Vechanics, Journal, Vol. 3, No. 19, 
October, 1950, pp. 157-167, illus. & references. In Japanese 


The theoretical values of the buckling load between rivets, 
the buckling load of the entire system, the effective width, and the 
ultimate strength of riveted thin plates were obtained fune- 
tions of rivet spacing, rivet diameter, the number of plat nd the 
combination of plate thicknesses. Theoretical results were veri- 
fied by experiments that included determination of the slipping 


factors of the rivets 


Basic Differential Equations in General Theory of Elastic 
Shells. V.S. Vlasov Prikladnaia Matematika i Mekhanika 
Moscow, Vol. 8, 1944, pp. 109-140.) U.S., N.A.C.A., Technica 
Memorandum Vo 1?41, 1951 
references 


February, 58 pp., illus. Is 


Readers’ Forum: Calculation of Deflections in Indeterminate 
Structures. H. F rg hielsen. Journal of the Aero 


Sciences, Vol. 18, No April, 1951, pp. 284, 285 

Readers’ Forum: The Calculation of Deflection in Indeter- 
minate Structures. Bruno A. Boley and Roland H. Moore 
Journal of the Aeronautical Sciences, Vol. 18, No April, 1951 
p. 285 3 references 


The Determination of Critical Loads by Energy Methods. 
M. D. Brisby. The Engineer, Vol. 191, No. 4956, January 19 
1951, pp. 82 

Formulas, considerations, are 
computation of critical loads in buckling, bending 
sion of elastic systems. Several practical examples illustrate the 
application of the method 


illus 
based on energy given for the 


, and compres- 


Isolated Force Problems in Two-Dimensional Elasticity. II. 
M. Rothman. Quarterly | pplied 
Vathematics, Vol. 3, Part 180, illus. 
reference 

Solution of the problem of several isolated forces in equilibrium 
on the boundary of discs of certain shapes by Stevenson’s com- 
plex potential method. 
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LASSO TAPES, inc., 


G. TRADE MA 


AERONAUTICAL 


ENGINEERING 


REVIEW—MAY, 


1951 14] 


*The Comet, De Havilland’s 4-engine Jet Airliner, 
has used Lassovic Tape thruout as manufactured 
by Lasso Products Division of HERTS Pharma- 
ceuticals Ltd., Welwyn Garden City. England. 


LASSOVIC has been SKY TESTED* 


LASSOVIC is a superior Plasticised Polyvinyl Chlo- 
ride tape with pressure sensitive adhesive for all 
electrical and electronic insulation. The excellent 
dielectric properties of LASSO VINYL coated with a 
strong pressure sensitive adhesive is the paramount 


Die cast 


la 


This is one of the millions of die castings delivered by 
Alcoa on schedule from its great die-casting plants. Not 
only on schedule, but equaling or exceeding every speci- 
fication for quality and dimensional stability. Let your 
local Alcoa representative tell you more about Alcoa's 
ability to supply your die castings. He's listed under 
“aluminum” in your classified phone book. 

Or write: ALUMINUM COMPANY OF AMERICA, 1913E 
Gulf Building, Pittsburgh 19, Pennsylvania. 


ALCOR Qaminum 


DIE CASTINGS 


medium for cable harnesses, splicing and insulating, 
and coil wrapping. LASSOVIC stretches easily to 
mould readily to irregular contours, has high die 
electric —over 1000 V/M —and is resistant to water, 
oils, acid, alkalis, and corrosive chemicals. 


Additional information may be had by writing. 


50 CHURCH STREET, NEW YORK 7, N. Y. 


LISTED UNDER RE-EXAMINATION SERVICE OF UNDERWRITERS’ LABS. INC 


wéW LINEAR 


PRESSUREGRAPH 


MEASURES and RECORDS Explosion, 
Gas or Hydraulic Pressure 


For Jet or Internal Com- 
bustion Engines, Com- 
pressors, Pipe Lines, In- 
jection Pumps, Explosions 


rovides greater 


Completely Re-engineered, it no 
accuracy in measuring anda rec 


tic and transient pressur 


phenomena 
PSI) and bro 
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Makers of Precision 


Electronic Instruments 


ELECTRO PRODUCTS LABORATORIES, 4511-LP Ravenswood Ave., Chicago 40, Ill. 
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BLOWERS 


YNAMIC~ Ark ENGINEERING 


FOR ELECTRONIC EQUIPMENT + AIRBORN + SHIPBOARD + OR PORTABLE GROUND UNITS 


@ When Weight is Critical © When Space is Limited 

@ When High Blower Efficiency is Required 

@ When Availability or Prompt Service is a Factor 

@ When Experience in Manufacturing Motors and Blowers to Govt. 
Specifications is Desirable. 


In 1942, we perfected the first light, high pressure airborne axial flow blower 
Thousands upon thousands of such blowers have been manufactured since thenia 

30 basic models and some 100 modified configurations all to rigid specifications 

Our entire effort has been confined to this highly specialized field and we have plowed 
in more than 160,000 engineering hours. All of this “know-how’ is 

available to you when you ask us for a proposal on any projec. 


IN MANY INSTANCES the modification of an active, proven model to suit your particular 
application problem will save days, weeks or even months of time. It will also remove most of 

the uncertainties which enter into a new installation.Proven performance with dependability is some. 

thing more than expectancy or a promise —it is already shaken down —?t is. 

A few example of “originals” at 

available. 


1 modifications are shown here. Modifications to suit your needs ate 


TYPICAL BLOWERS AND MODIFICATIONS 
MODEL /M142A-6A 
(2 stage.) 27 volt DC. Boeing 377 
Stratoerviser main cabin recirculation. 
3,700 CFM at 4” Static Pressure. 


Weight 45 Ibs. 
Duty continuous. 


MODEL /MI41C-1A 
(1 stage.) 27 volt DC. Boeing 377 
Stratocruiser condenser cooler, 2 per 
airplane. 3,700 CFM at 4” Total Head 
Pressure. Totally Explosion Proof. 
Wt. 49 Ibs. 


MODEL -M8862F-9A 

(2 stage.) 27 volt DC. Special 

modification of M8862B-8B 

Performance identical. Martin 

202 Airliner ground heating 
and cooling. Wt. 35 Ib 


MODEL M8922A-9A 


(2 stage.) 27 volt D 

modification of 28-88 

(} stege.) 27 volt OC. Sp ptation 1,785 CFM at 8 60 CFM 
from M88628-8B for Novy . ne at 10” Static Press 

1,200 CFM a 

wi. 21 Ib 


Airlines CV 24 
refrigeration 


We 


ou 
/ BES 
| 
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MODEL /M7861L-1B (1 stage.) 115 volt, 60 cps, AC. Used by 
several Electronics Mfrs. for tube cooling. 450 CFM at .5” 
Static Pressure. Wt. 9 Ibs. 


MODEL /M7861N-2A 


(1 stage.) 115 volt, 60 cps, AC. 
Identical to M7861K-1B except for configuration. 


MODEL /M5862X-9A 
(2 stage) 27 Volt DC, 450 CFM ey 


at 7’ HO. Used on several aircraft MODEL /M5861AD-8A 
for recirculation, heat. & vent. systems : a stage.) 27 volt DC. Stewart-Warner 


coating. Wh. 10 USAF Glider Packaged Heater Unit. 340 
~ a CFM at 5” Static Pressure. Wt. 7% Ibs. 


MODEL /M5861B-2A 
Soa , (1 stage) 27 Volt DC, 400 CFM at 2.7” 


Available in several modified 
configurations and for 400 cps current. MODEL /M5862Q-1A 
t. 5% Ibs. 
Pj. ee on (2 stage) 27 Volt DC, 400 CFM at 5.5” 
H20. Available also for 400 cps 
current. Wt. 9 Ibs. 


ow bl 
tiles. MODEL /M4582AD-2A 
vifices . (2 stage.) 27 volt DC. NAA B-45 

Cations. airplane. 225 CFM at 
ive 6" Static Pressure. Wt. 9 Ibs. MODEL /M4582B-6A 
Is \ (2 stage.) 27 volt DC. 
ny project Constellation 649, 749 

' particular = booster, heat. & vent. 300 CFM at 
P MODEL /M4581A-3A : 4” Static Pressure. 
ve most of (2 stage.) 27 volt DC. 377 Stratocruiser 


It DC. & Wt. 8.75 Ibs. 
ty 1s some- generator cooling. 4 per airplane. 


649 and 749 defoggers. 
r needs are Westinghouse and General MODEL #M4581A-2BA 
: Electric and others for y (1 stage.) 27 volt DC. Special 
electronic tube cooling. This MODEL /M4S581A-28 pe of housing 
blower also made for 400 (1 stage.) 27 volt DC. = ee j for Westinghouse Electronics. 
cps AC current. 145 CFM & 400 cps AC. Same : Otherwise same as 
at 1.5” Static Pressure. as M4581A-3A anni M4581A-2B. 

Wt. 4.2 Ibs. except for housing , 


configueration. 


MODEL /M4381B-1C 
MODEL /M4381B-1B (1 stage.) 27 volt DC. & 400 eps AC. 
(1 stage.) 27 volt DC. & 400 cps AC. mick Modification of M4381B-1B to plastic 
Westinghouse and Bendix electronic Fae = special shape housing. 90 CFM at 
cooling, several models. 110 CFM at .4” a .4” Static Pressure. Wt. 1.40 Ibs. 
Static Pressure. Wt. 1.75 Ibs. ies 


MODEL /M2881A-1 
(1 stage.) 27 volt DC. & 400 cps AC .Used 


on numerous electronic installations 
for tube cooling. 60 CFM unrestricted. - A 
36 CFM at .80” S.P. Wt. 1% Ibs. ad ie 


— 


MODEL /M2881F-3 MODEL /M2881F-8A 

MODEL /M2881A-2A (1 stage.) 27 volt DC. (1 stage.) Same as other 

(1 stage.) 27 volt DC., cps & 400 cps AC. This model can be permanent magnet motor. M2881 units. Shown here for 

modified with several types of housing and for several 60 CFM at .2” or 30 CFM type of housing. 

types of current. It can also be built in “two-stage” to at .5” S.P. Wt. 8 oz. 

double the pressure characteristic. 1 stage performance 

60 CFM at .2” or 35 CFM at .8”. 

1% to 2 Ibs. depending on modification. 


MODEL /M1921N-1 


(1 stage.) 27 volt DC. or 400 cps AC. 32 CFM at .2” or MODEL /M1921N-1A 
20 CFM at .5” S.P. Wt. 7% oz. > Same as M1921N-1 except housing. 
9A 


MODEL /MI921P-6A 
Special (1 stage) 400 cps single or 3-phase These small 2” diameter blowers can be made in any of oa 
28-88 Available in numerous housing number of housing configurations to suit tight space limitations. 


60 CFM configurations. 15 CFM at .15° H,O 


Lmericon Wt. 14 ounces 
9g of 
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Above — 1. Rex-Flex metal braid covered connector in 
a heating duct. 2. Rex-Flex ducting that combines rib 
reinforced sections with corrugated elbow forming sections. 
3. Corrugated Rex-Flex hose used as a generator blast tube. 


Flexon identifies CHICAGO METAL HESE Corporation 
CMH products that 


have served industry 


Ser ever 40 wean. ® 1309 §. Third Ave. * Maywood, Ill. * Plants at Maywood, Elgin, Rock Falls, and Savanna, Il 


CMH REX-FLEX Flexible Metal Hose 


solves these troublesome connection problem: 
VIBRATION 


MISALIGNMENT 


FLEXATION 


e EXPANSION and 


CONTRACTION 


ALL lines conveying gases or liquids in 
aircraft are subject to one or more of the 
basic motion problems listed above. In 
most cases, the solution is a simple one— 
CMH REX-FLEX flexible metal hose, duct- 
ing or connectors. Fabricated from stainless 
steel and corrugated in various forms to 
suit the application, CMH REX-FLEX offers 
many time and money saving advantages. 
It combines the durability of metal with a 
high degree of flexibility and high resist- 
ance to vibration and flexing fatigue. It can 
literally be threaded through the tight spots 
with a minimum of fittings and assembly 
effort. 


Air-tight, gas-tight REX-FLEX is made in 
sizes and types to meet virtually all aircraft 
requirements, including C.A.A. approved 
fireproof fuel and oil line assemblies. For 
complete information on specific assem- 
blies to meet your needs, send details of 
your application. 


In Canada: Canadian Metal Hose Co., Ltd., Brampton, Ont. 


ONE DEPENDABLE SOURCE 


for every flexible metal hose requirement 


Convoluted and Corrugated Flexible Metal Hose in a Variety of Metals ¢ Expansion Joints for Piping Systems 
Stainless Steel and Brass Bellows * Flexible Metal Conduit and Armor « Assemblies of These Components 
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Aeronautical Reviews 


Airplane Aerodynamics 


By Daniel O. Dommasch, Sydney 
S. Sherby, and Thomas F. Con- 
nolly. New York, Pitman Pub- 
lishing Corporation, 1951. 520 
pp. diagrs. $6.50. 


Like many other textbooks, Airplane 
Aerodynamics had its origin in notes 
prepared for lecture courses. At times, 
this can be a serious handicap to the 
general usefulness of the book, either as 
a general text or as a reference work, 
but, in this case, full advantage appears 
to have been taken of exceptional op- 
portunities to make a real contribution 
to the art and science of aeronautics. 

It is perhaps indicative of the trend of 
the times that the present text is the 
work of a well-balanced ‘‘team.’’ Each 
of the three coauthors has been able to 
bring to bear a thorough knowledge of 
one or more major specialties involved, 
combined with a clear understanding of 
the needs of both the student and the 
instructor. The authors set for them- 
selves a definite goal, effectively stated 
in the preface: 

“This book is designed with the 
jundamental purpose of creating an 
understanding of the ‘how’ and ‘why’ 
of modern aerodynamics. It is de 
signed for students having a background 
in college physics, mathematics, cal- 
culus, mechanics and dynamics. It is 
not a treatise on mathematical methods, 
nor a handbook, but the mathematical 
approach is used as necessary to insure 
proper understanding, and _ sufficient 
practical data are supplied to insure an 
integrated picture.”’ 

_ The scope of the treatment is per 
laps best indicated by listing the 16 
chapter headings, as follows: 

|, The Atmosphere. 
ynamics and 
Air, 3, 


2, Fundamental 
Thermodynamics — of 

Types of Fluid Flow. 4, 
Airfoil Theory. 5, Wing Theory. 6, 
Urag. 7, The Propeller. 8, Aircraft 
‘ropulsion. 9, The Basic Performance 
‘roblem. 10, Special Performance 
froblems. 11, Maneuvers. 12, The- 

and Design of Control Surfaces. 

Introduction to Stability and Con- 
rol. 14, Longitudinal Stability and 
\ontrol. 15, Lateral and Directional 
Stability and Control. 16, Seaplane 
Problems, 


The treatment is remarkable for its 
ompleteness and its clarity on every 
page. There are many explanatory 
‘xetches and diagrams that are most 


helpful in achieving that clarity, and 
there is always ample evidence that the 
authors not only know their subject but 
also appreciate fully the exact spots 
where the student needs special assist- 
ance in grasping the full significance of 
important relations. The fact that the 
book was originally written for a test- 
pilot school turns out to be a distinct 
advantage rather than a_ handicap. 
Emphasis is always placed on those 
points that experience has shown to be 
most important in the understanding of 
the problems of airplane operation. 
The overall result is a textbook of ex- 
ceptional merit. It seems to have un- 
limited possibilities as the basic text in 
any course of aeronautical engineering. 
In addition to its primary use as a 
text, Airplane Aerodynamics should be 
extremely valuable to all aeronautical 
engineers as a reference work. It has 
an excellent index, and the answers to 
many questions can be readily found. 
The authors are to be congratulated 
on the excellence with which they have 
achieved their “fundamental purpose 
of creating an understanding of the 
‘how’ and the ‘why’ of modern aero- 
dynamics.” 
Capt. WALTER S. DIEHL, U.S.N. 
Bureau of Aeronautics 


Aerodynamics of Supersonic Flight 
By Alan Pope. New York, Pit- 


man Publishing Corporation, 
1950. 185 pp., illus., diagrs. 
$4.00. 


The appearance of Alan Pope’s Aero- 
dynamics of Supersonic Flight vividly 
illustrates the need for a critical review 
of undergraduate aeronautical cur- 
ricula., 

It has become apparent that, in order 
to meet the demands of industry, 
graduate engineers must be familiar 
with transonic and supersonic phe- 
nomena. Nevertheless, for the most 
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brary Service Facilities, see 
page 111 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
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part, college programs have remained 
static in a period of overwhelming 
change. However, one of the strongest 
arguments for the inclusion of an under- 
graduate course in supersonics is given 
by the book presently under discussion. 

Professor Pope will be remembered for 
his Wind Tunnel Testing, which has be- 
come the only universally accepted text 
on this subject. Like its predecessor, 
his latest book combines lucidity of 
presentation with practicality of cover- 
age. In addition to providing a one- 
term introduction to the field of super- 
sonics, it will be useful to those engi- 
neers who did not study high-speed 
flight in college, and, because each sec- 
tion is self-explanatory, it may even 
serve as a source of readily available 
knowledge. Prerequisites for reading 
need only be differential and integral 
calculus and an understanding of ele 
mentary aerodynamics. 

There are three outstanding sections 
in the text. The first is an unusually 
clear depiction of the effect of back- 
pressure changes on the flow through a 
nozzle. The treatment here is both 
qualitative and quantitative and even 
tually encompasses shock reflections, 
design of nozzles by the method of char 
acteristics, flow of jets emanating from 
nozzles, and various boundary-layer 
effects. 

The second section, as might be ex- 
pected, is a treatise on supersonic wind 
tunnels and testing devices. Here, the 
author describes, at some length, the 
various types of testing facilities and 
expounds on the advantages and pe 
culiarities of each. Noise, condensa 
tion, dust, and heating and cooling 
problems are discussed. Diffuser de 
sign and shock stability, along with 
model testing procedure, are treated. 
Ballistic nomenclature is introduced. 
The paragraphs on the optical visualiza 
tion methods are concise but pertinent. 
Finally, a review of the vistas opened by 
other testing means—i.e., missiles, 
rocket carriages, water tables, and 
whirling arms—is also included. In 
short, this chapter presents a broad 
picture. 

The third section of unusual interest 
concerns itself with three-dimensional 
wing theory. In particular, the mech 
anism of drag-rise delay with sweepback 
is covered as well as the theoretical oc 
currence and variation of form-drag 
peaks with maximum thickness position 
for delta plan forms. It is found ad 
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the maximum thick- 
1 conclusion not in- 
dicated by linear theory. A_ long, 
though interesti analysis of the 
Busemann biplane may also be found 
here. Lastly supersonic ram-jet- 
driven fighter is designed, and its per- 
formance is calculated. It 1s important 
to note that, generally, the lift-drag 
ratio increases with altitude. 

In addition to the subjects mentioned 


vantageous to kee] 
ness well forward 


above, Pope includes most of the ma 
terial to be found in more advanced 
books. For the most part, however, 
the presentatiot reduced to a lower 
level. Other teworthy features are 


the integrated lent problems (with 
answers), the references at the end of 
each chapter, and the usual charts and 
tables. The autl also attempts to 


correlate theoreti and experimental 
results wherever possible. 

In general, the notation is excellent, 
and the student's first introduction to 


the Greek alphabet is softened by a full 
exposition. One unfortunate symbol is 
employed: d// is defined as the amount 
of heat added \t first glance, this ob 
jection may appear to be picayune. 
However, since the student has not yet 
studied thermodynamics by presump 
tion, the inevitable confusion of en 
thalpy with dQ will take place. 

Alan Pope has set out to write a book 


on supersonics for undergraduates. He 
has succeeded admirably. 
Dr. RoBERT F. BRODSKY 


Sandia Corporation 


Similitude in Engineering 


By Glenn Murphy. New York, 
The Ronald Press Company, 
1950. 302pp.,diagrs. $7.00. 


The introducti states that this 
book ‘is designed to meet a widely 


recognized need for an organized presen 
tation of the problems of model design 
and interpretation of model tests.” 
There can be no doubt that the need 
exists, and after a careful reading, I feel 


that the bool bstantially fulfills its 
role. 


In appraising product, it would 


be well, of course, to evaluate its per 
formance against the claims of its de 
signer. However, a seller incurs a 
degree of responsibility to all buyers 


who put his product to a reasonable use, 
even though this use may not have been 
anticipated in the original design. It is 


with this broad and demanding view 
that comments are offered. 
The book has three major sections 


devoted to 1) The Theory of Simi 
tude and Its Application to Models 
(2) Distorted Models, and (3) Dis 
similar Models 

The reader will not have progressed 
far before reali hat Dr. Murphy is a 
splendid teachet His discussions go 
to bedrock. In the section dealing 
with basic quantities, he is quick to 
point out that, while length, mass, and 
time are most generally useful, thev are 


neither basi fundamental. The 
fact that other stems, while con 
venient in certain respects, often lead to 
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cumbersome forms is duly noted. 
Throughout the work such fundamen- 
tals are stressed. 

A reconsideration of such matters may 
yell profit the aerodynamic fraternity, 
now snowed under in the multitude of 
variables fostered by orthogonal pro- 
iections and L.M.T. units. The revolu- 
tion introduced into physics by wave 
mechanics has not reached the grosser 
phenomena. There are some indica- 
tions, however, that approaches that 
mav abet the engineer could be de- 
veloped from polar and perhaps velocity 
and wave-length units. 

Proceeding through the early part, 
one finds that ‘‘in general the interpreta- 
tion of a set of observations is more 
dificult than the observations.’’ Cer- 
tainly Dr. Murphy will have heartfelt 
agreement. However, his gentle, well- 
paced instruction should do much to 
make a justly confident approach to 
such interpretation grow. 

Chapter 2, on Dimensional Analysis, 
is the canvas on which the author 
teaches this subject from sketch to 
finished masterpiece. His skill in 
selecting for illustration the well-known 
phenomena of the falling body pays in 
understandability. He does not speak 
specifically of the limitations of dimen- 
sional analysis. The more valid in- 
spectional analysis procedure is, how- 
ever, treated implicitly in his discus- 
sion, in Chapter 3, of Pi-term selection 
and in the third part of the work, on 
dissimilar models. In these implicit 
treatments, he goes as far as the space 
and purpose limitations of the book 
would allow. 

Chapter 3 deals with the development 
of Prediction Equations, and, from this 
point onward, the book is replete with 
illustrative problems, Buckingham Pi 
analyses, formulas describing large 
numbers of the common engineering 
phenomena, laboratory exercises, prob- 
lem assignments, and a table of the 
physical properties of s« ime fluids. The 
large bulk of the material enumerated 
would alone make this a valuable refer- 
ence book if all discussion were omitted. 
The extent of space devoted to the 
illustrative problems and the meticulous 
ittention to detail in their unfolding 
deserve commendation. 

In general, great care has been taken 
to tabulate symbols at the outset of an 
peration. In common, however, with 
most works dealing with mathematics, 
there is an occasional slip; most can be 
interpreted from an examination of the 
‘ontext. This mathematical treatment 
8 extremely well done and_ should 
Tesent a minimum of difficulty. In 
eed, such concise clarity is attained 
that the book would make good reading 
lor students puzzled by more abstruse 
treatments in hydrodynamics and the 
Heory of structures. 

Part 1 is concluded by the applica 
tions of the subject to geometrically 
Similar models, 
The first chapter of the second part 
als with the development of Predic- 
_ Factors for the Distorted Model. 
“ne sections adequately outline the 
Teatment of all the elementary struc- 
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tural members, open and closed channel 
fluid flow, aircraft and ship models, 
waves, thermal models, electric and 
magnetic models, acoustic and illumi 
nation models, and chemical engineering 
models. 

In describing stress and strain, the 
author has adhered to the classical 
treatment and limitations. No doubt 
this practice will displease some, but 
this section can be easily read and 
understood by the bulk of the profession. 
Dr. Murphy has also made liberal use of 
the teacher’s authority to direct and 
guide the reader or student over the 
debatable topics in the course of in 
struction. The practice is good on the 
whole since it achieves the end of im 
parting the rules. The exceptions can 
come later and, for the common run of 
sinilitude problems as treated, the 
student or reader will make no mistake 
in following his guiding hand. He has, 
for the conscientious reader, noted the 
pitfalls, and the chapter-by-chapter 
bibliography should answer these prob 
lems if and when they arise. Many of 
these references enlarge upon important 
types of model construction and inter 
pretation. It is unfortunate that the 
date of publication of the book did not 
allow the inclusion of that exceptionally 
valuable report on the use of models, 
The Development Lligh-Speed ‘Water 
Based Aircraft, written by Ernest G. 
Stout and published in the August, 
1950, issue of the JOURNAL OF THE 
AERONAUTICAL SCIENCES 

The arrangement of Chapter 8, on 
Fluid Flow, is somewhat questionable. 
It is a departure from the style of the 
remainder of the book. It contains a 
presentation of 27 pages followed by a 
summary of S pages. The summary 
would appear equally suitable as a fore 
word, but the material is there and, 
within the range atten 
complete. 

In the models rivers and harbors, 
sedimentation is discussed. The prob- 
lem presented reminds one that some 
types of air pollution may well be sus 
ceptible to model treatment. 

The thermal models include the treat 
ment of model gas engines and balloons. 
The importance of using the absolute 
thermometric scale is emphasized. In 
both the thermal and chemical models, 
the necessit\ ol a series of models for 
some situations ts brought out. 

In this second part of the book, a 
substantial treatment is accorded to 
the classical numbers of  similitude 
The Reynolds, Froude, Mach, Weber, 
Cauchy, Peclet, Prandtl, and Nusselt 
Numbers are treated both for mathe 
matical form and for physical interpreta 
lion. 


pted by the book, 


There are a few faults to find in 
Chapter 10, where, for example, the 
important change from thermal to 
mechanical ener: handled as a sort 
of afterthought under ‘‘scales.”’ Here. 
too, one of the problems tackles the 
cooling rate of a steel rod without ad 
vance preparation on recalescent points, 
bubble formation, influence of dissolved 
gases, nature of the cooling fluid mass 
and container, et 
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> Low-cost 


PROTECTION 
for Airborne 
Electronic 


Hew Lord 
“TEMPROOF Mountings 


@ Exceed AN-E-19 Drop Test 
Requirements 


@ Designed for JAN-C-172A 
Equipment 

@ Maintain Efficiency from 
—80°F to +250°F 


*Temperature-proof 
Here is reliable vibration protection for 
base-mounted airborne electronic equip- 
ment... and for other apparatus which 
must function properly above and below 
usual temperatures. And TEMPROOF 
Mountings are priced to meet the needs 
of manufacturers in competitive markets. 


TEMPROOF Mountings provide supe- 
rior protection by maintaining their high 
vibration-isolating efficiency from-80°F to 
+250°F. Selective-action friction dampers 
prevent excessive movement at resonant 
frequencies. Equipment does not sag of 
droop . . . mounting drift is negligible. 
The unusually wide load range of TEM- 
PROOF Mountings makes it possible to 
standardize on one mounting for several 
types of equipment, and to effect addi- 
tional economies in purchasing, storage 
and assembly. 


For complete information on 'TEMPROOF 
Mountings, or for specific recommendations 
concerning their use, write to Product and 
Sales Engineering Department. A quanitly 
of Vibration Isolation and Natural Fre- 
quency Charts in full color is available 
Copy of each will be sent free upon request 


LORD MANUFACTURING COMPANY 
ERIE, PENNSYLVANIA 


Vibration-Control Mountings 
... Bonded-Rubber Parts 
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: FREQUENCY AND 
ATOMIC ENERGY N W! TIME MEASUREMENTS 


INSTALLATION ACCURATELY... 
NEEDS CONVENIENTLY 
MECHANICAL ENGINEERS 


AERONAUTICAL 


AERODYNAMICISTS f- 


Two to ten years’ experience in research, 
design, development or test. 


ANY FACTOR 
MAY BE 
MEASURED 
A variety of positions open for men with ear a 
Bachelor's or advanced degree qualified 
in one or more of the following fields: 
@ MECHANISMS Model 801 Universal 6-in-One 


@ STRESS ANALYSIS MEGACYCLE 


@ QUALITY CONTROL 


s @ AIR FRAME DESIGN FREQUENCY -TIME 
@ INSTRUMENTATION COUNTER 


@® SHOCK AND VIBRATION by 
@ HANDLING EQUIPMENT 
@ ENVIRONMENTAL TESTING 


Now, the Potter Instrument Company offers all 


@ ELECTRONIC PACKAGING in one equipment, the features heretofore avail- 
able only in separate counting systems. Two 
P @® LARGE WIND TUNNEL TESTING complete counting channels, a 100 ke crystal 
= oscillator time base and unique gating circuits 
“4 Patent History Desirable But Not Necessary. are combined to provide the new FREQUENCY- 

TIME COUNTER. 
low 
eds 0 to 1 mc range by counting cycles 
xi CAREER DRAFTSMEN FREQUENCY per pre-selected time or by measur- 
ipe- Experienced draftsmen with no college degree. MEASUREMENTS 
igh lo 
F to 
wa THESE ARE PERMANENT POSITIONS with Sandia Cor- seh n 0 to 10 seconds + 10 micro-seconds. 
> of poration in Albuquerque,N. M. Sandia Laboratory is 
ble. operated by the Sandia Corporation, a subsidiary of FREQUENCY 
EM- the West Electric C d i i i 
e estern Electric Company, under contract with RATIO Ratio of two external frequencies 
oe the ATOMIC ENERGY COMMISSION. This laboratory MEASUREMENTS can be measured. 
ddi- _— good working conditions and liberal employee 
leave, and a SECONDARY 100 ke crystal oscillator with divided 
: : FREQUENCY frequencies available at 10, 1 ke 
00F d 100, 10, 1 cps. 
tions Albuquerque, center of a metropolitan area of 150,- STANDARD = _ 
000, is located in the Rio Grande Valley, one mile TOTALIZING 
co above sea level. The “Heart of the Land of En- COUNTER sine wave 10 cps to 1 me. 
able chantment,” Albuquerque lies at the foot of the Sandia 
uest Mountains, which rise to 11,000 feet. Climate is DIRECT Through the use of an external 60 
sunny, mild and dry the year ‘round. RPM READING ete ee ee 
isc ener r 
TACHOMETER | rpm is obtained. 


PROFESSIONAL EMPLOYMENT DIV. 


SANDIA CORP. (= POTTER INSTRUMENT 


SANDIA BASE Polen COMPANY °« INC. 
ALBUQUERQUE, NEW MEXICO Comes / 115 CUTTER MILL RD., GREAT NECK, N. Y. 


Please address inquiries to Dept. AR 
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MELETRON'S 
NO. 710 PRESSURE SWITCH 
with the NE W 
DIAPHRAGM CONFIGURATION 


Now, new standards of reliability are required 
of a pressure switch. It must resist high frequency 
vibration present in so many applications today. 
It must respond over a larger pressure range, be 
smaller in size and lighter in weight. All these 
improvements distinguish Meletron’s 710 pres- 
sure switch, with new diaphragm configuration. 


Available with 100% stainless steel pressure sensing 
element for use with most corrosive liquids and gases. 


9350 NORTH HIGHLAND AVENUE, LOS ANGELES 38, CALIFORNIA 


Northwest: J. M. Walthew Co., Boeing Field, Box 15, Seattle 8, Washington. East: 

Russell & Co., 10 S. Union St., Bay Shore, N. Y. 127 Crosby Ave., Buffalo 17, New 

York Southwest: Edmund C. Ashe, 950 N. Highland Ave., Los Angeles 38, Calif 
South: James R. Thompson, 708 Hemphill St., Fort Worth 4, Texas 


High pressure switches to 12,000 psi — Vacuum switches — Differential pressure 
switches — Rotary selector switches — Solenoids. 
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The third part, on Analogies, js 
divided according to the mathematica] 
form of the governing equations 
Simple two-term algebraic systems 
four-term algebraic systems, second 
and fourth-order differential equations 
and LaPlace and potential forms ar 
included. Among the specific analogies 
dealt with are: the electrical-stress 
stress-fluid flow, network, vibration 
vibration-electrical circuit, direct com 
parison, amplification-unit, pendulum 
column, area-moment, conjugate-frame 
flow-net, flow-stress, membrane, sand 
heap, heat-conduction, diffusion, va 
uum-tube, and the electrical potential 
torsion analogies. In the last two chap 
ters, the Airy stress function and the sla! 
analogy and the column analogy o 
Hardy Cross are described. 

Previous mention has been made 0 
the fine mathematical treatment. This 
finds its culmination in Chapter |i 
where a simple yet sound treatment 0 
the LaPlace and Poisson equations is 
followed by the analogies listed above 
Throughout this entire section the 
author's ability to use the simple and 
the familiar triumphs over what could 
be a difficult matter. 

I think that this book will have wide 
circulation. It certainly deserves it 
However, in one small way the book 
could be improved. In a_ classroon 


text, the exclusion of problem solutions 


may be debatable. In a book that may 
be widely used for self-study and refer 
ence, such solutions should be available 


The excellent balance of the book 1s 


no doubt a product of its refinement 11 
the teaching of this course at lowa Stat 
College. The author’s lucid and pleas 
ing language mark an ideal that few 
technical writers achieve. 


For those in the aeronautical sciences 
the book deserves a hearty recommenda 
tion. It has interest and inspiratior 


and is good background reading and a 


good reference book. I shall not be sur 
prised if Similitude in 
becomes a classic. 
James L. G. FitzPatrick 
FitzPatrick Compat 


Planning in Practice 


By Ely Devons. London and 
New York, Cambridge University 
Press, 1951. 231 pp., diagrs. 
$3.00. 


This is an able analysis and critiqut 


of the complex planning functions 
Britain’s Ministry of Aircraft Produ 
tion during World War IT. 

Ihe author, Professor Devons, wou 
seem, by his four vears’ experienc 
the planning division of M.A.P., to 
well qualified to undertake writing st 
a book, and it appears to this reader U 
he has approached his task with bol 
intelligent objectivity and considera 
apparently warranted, candor 

Despite the author’s backgroune¢ 


an economist, this book is not a C0! 


ventional ‘‘textbook’’ on the subject 


planning, nor does it indulge apprecia)! 
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AERONAUTICAL ENGINEERING 


... before you accept one of the many jobs available, 
compare it with the coreer-development opportunities 
now offered by Wright Aeronautical to qualified ... 


AERONAUTICAL ENGINEERS 
LAYOUT DRAFTSMEN 
MECHANICAL ENGINEERS 
DETAIL DRAFTSMEN 
CHECKERS 


Wright Aeronautical, has embarked on a new 
long-range engineering program to design and develop 
many new and more powerful compound, turbo-prop, 
turbo-jet and ram jet aviation power plants. 


Wright Aeronautical offers qualified technical personnel 
many benefits: Free hospitalization, surgical and life 
insurance; good working conditions in a modern plant. 
Pleasant suburban community, good schools, reasonable 
living costs, no state income tax. 


If you qualify, investigate this career opportunity by 
sending a resume or applying in person. 


NEW YORK OFFICE: Room, 1313, McGraw-Hill Bldg., 330 
W. 42nd St., New York City., Mon. thru Sat. 9 A.M. to 5 P.M. 


NEW JERSEY OFFICE: Main & Passaic Street, 
Wood-Ridge, N. J., Mon. thru Sat. 8:15 A.M. to 5 P.M. 


Aeronautical Corporation, Wood-Ridge, N. J. 
A Division of CURTISS-WRIGHT CORPORATION 


ENGINEERS 
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BETTER YOURSELF WITH 


GRADUATE ENGINEERS 


FOR PROJECT & PRODUCT 
ENGINEERING WORK 


Opportunities & Salaries 
Commensurate with Ability 


Opportunities exist for Graduate Engineers 
with Design, Development and Product 
experience in any of the following: 


ANALOGUE COMPUTERS SERVO MECHANISMS 

RADAR ELECTRONIC CIRCUITS 

COMMUNICATION EQUIPMENT AIRCRAFT CONTROLS 

HYDRAULICS INSTRUMENTATION 

ELECTRONIC PACKAGING PRINTED CIRCUITS 

PULSE TRANSFORMERS FRACTIONAL H P MOTORS 
VACUUM TUBE TECHNIQUES 


atso FIELD SERVICE ENGINEERS 


To install and flight test electronic equipment. 
Engineering degree and service technical experi- 
ence preferred. Assignment in U. S. and abroad. 


SUBMIT RESUME TO EMPLOYMENT OFFICE 
GYROSCOPE CO. 


S P R DIVISION OF THE SPERRY CORP. 
GREAT NECK, L. I., NEW YORK 


design and knowledge of advanced mechanics. Mas- 
ters Degree preferred. Location midwest at a plant 
of alarge machinery manufacturer. Salary depend- 
ing on past training and experience. Stable position 
with secure future. Please write to 


AERONAUTICAL ENGINEERING REVIEW 
Box 297 


Aircraft Engineering 


FOUNDED 1929 


The Technical and Scientific Aeronautical Monthly 


Edited by Lt.-Col. W. Lockwood Marsh 
F.].Ae.S., M.S.A.E., F.R.Ae.S. 


Single Copies: 35 cents, post free 
Subscription: $5.00 per annum, post free 


BUNHILL PUBLICATIONS LIMITED 
12 Bloomsbury Square London : : W.C.1_ England 


WANTED 
4 
Aerodynamicist, preferably with mechanical engineer- 1 i 
ing experience, for design, testing, and development 
work on axial flow fans and blowers. TT Tes 
Desirable: training or experience in axial flow blower 


There’s a Better Job for You at 
Hamilton Standard 


Leading engineering firm in an essential industry offers: 


Immediate Openings + Excellent Pay 
Finest Working Conditions + Opportunities for Advancement 
Insurance and Retirement Income Plans 


Hamilton Standard needs experienced engineers now 
to develop vital aircraft equipment. 


Put your own ideas and experience 
to work at Hamilton Standard, 
top engineering firm in the field 
of aircraft equipment design and 
production. 

Help develop supersonic equip- 
ment, cockpit air conditioning 
and other aircraft accessories and 
propellers. 

Build your future with a sound 
engineering organization in a field 
with a bright future, both in mili- 


HAMILTON 


tary and commercial aviation. 

Live and work in the heart of 
beautiful New England. Settle 
your family where there are ex- 
cellent schools . . . fine shopping 
districts . .. moderate living costs. 

Let us have your resume now. 
State age, experience, qualifica- 
tions, marital status, pay expected. 
All replies will be answered. Ad- 
dress Personnel Manager, De- 
partment N. 


STANDARD 


One of the Four Divisions of United Aircraft Corporation 


EAST HARTFORD, CONNECTICUT 


an DRAFSHEN 

Fare in great demand, but... 
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ANALY 


SPEEDS PRODUCTION FOR 
GENERAL ELECTRIC 


Panoramic 


AERONAUTIC 


used for isolation of critical frequencies 


dynamically 


AL ENGINEERI 


Model AP-1, is 


“Very 


Sonic Analyzer. 


helpful,” says GE Superintendent 


QUICK ANALYSIS OF 
CRITICAL FREQUENCIES 


In high speed rotors speeds the process of 


balancing air-borne gyroscopic 


instrument parts. 


Panoramic Sonic Ana- 
lyzer, Model AP-1I 

Specially recommended 
for high speed analysis 
of harmonies,  vibra- 
tions, noises, acoustics 


applications. 


WRITE FOR 
FULLY DETAILED BULLETIN 
ems. 


and spectrographic 


PANORAMIC CAN HELP YOU 


Wave analysis through the 


iutomatic analysis 


presentation of the audio 


spectrum is an invaluable asset in a variety of 


Let a Panoramic specialist ad- 


vise you on your individual production prob 


MINIATURE WIRE 


PLASTIC INSULATED 
WIRE AND CABLE 
Insulators of Stranded Flexible 
Conductors from #20 to +40 AWG 


@ SHIELDED WIRES @ TINSEL CORDAGE 
@ MULTI-CONDUCTOR @ TEXTILE AND 


CABLES PLASTIC BRAIDS 
Tensolite is devoted exclusively 
to high grade precision 
insulation of small diameter 
flexible materials to which its 
patented process is uniquely suited. 


Special Constructions Made to 
Manufacturers Specifications 
Free wire samples and descriptive lit- 
erature sent to manufacturers, engineers, 
and purchasing executives — requesting 
same on company letterhead. 


TENSOLITE 


INSULATED WIRE CO., INC. 


196 MAIN ST., TARRYTOWN, NEW YORK 


Telephone TArrytown 4-2616 


SOLENOID 


For DC Circuits 


Pickering engineering 


service is available for 
special applications 
where Pickering stand- 
ard Solenoids do not 


“er 


For details and literoture address Department M 
PICKERING & CO., INC. 
Manufacturers of world-famous 

Co} electro-magnetic phonograph 
cartridges and audio equipment. 


Oceanside, L. L., New York 
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in classical economic theory. Rather 
it is essentially a series of 

essavs examining and analyzi! 
different 


functions, faults, failures, and success 
of M.A.P. during Britain’s critical day 
The author weighs the psychological 


aspects of the British aircraft 
program but properly refrains 
drawing specific personalities into th 
picture 


The 


pressed by 


reader cannot help being im 
the extent to which the 
personal element can affect a comple, 
organization of this sort, and one feels 
that the author’s criticisms of some 

the adverse situations, which 


a}&rOose 
directly or indirectly from this factor 
probably are amply justified. Bureau 


cratic methods and techniques rarel 
lend themselves to rationalization 
either side of the Atlantic. 


The Ministry of Aircraft Productior 
or M.A.P., was the central aeronautical 
procurement agency and coordinator ¢ 
aircraft. production for the Britis 
Government during the last war 
such, 1t had no exact counterpart in our 
own Government at that time 
many of its functions, it covered mu 
the same field as does the Air Materiel 
Command of our own U.S. Air Force 
for instance It was, however, at 
agency distinctly separate from. the 
British Armed Services and apparent! 
on equal Cabinet footing with the War 
Office, the Air Ministry, and the Ad 
miralty. M.A.P. had responsibility for 
planning aircraft production, letting 
production contracts for aircraft (and 
in some cases for components on 
bodiment loan,” similar to out 
ment-furnished equipment coord 
nating the efforts of both prime contra 
tors and their subcontractors, arrangi 
for and financing expanded plat 
ities, undertaking a certain amount 
technical research and  developmet 
work, and, in short, virtually controll 
the entire British aircraft manu 
industry during this critical period 


Govert 


facturil 


The chief problem involved 1n 

ning all this activitv was the continu 
operation of reconciling the demand 
] 


the Services for operational airct 
spare components, and equipment 
one hand with the supply possibilities 
of the nation’s aircraft manuta 

on the other However, as 


forcibly reveals, this apparentl 
relationship between supply and 


mand was vastly complicat din pr 
tice by innumerable variable 
stacles, many of them ‘‘man-ma 


which reduced the matter tron 


alvti process something le 
art 

\fter a short description of M.A 
organization and functions, the auu 
plunges into an involved discu 
the ‘‘Aircraft Programme,’ or 


aircraft production schedule, which 
the author points out, was necessam 
constantly changing. This fluid 

gram became the key factor 


M.A.P. planning and coordination 


various + 


the author has treated its 


angles and in minute detail ¢] 
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AIRC RAFT APPROVED 


V5 


STAINLESS STEEL 


THREE-WAY NORMALLY OPEN AND 
NORMALLY CLOSED 


WEIGHT ONLY 1% LBS. APPROX. 32”’ HIGH 


Soft synthetic rubber inserts in plunger prevent 
leakage...Spring loaded for positive action...Power consump- 
tion approx. 10 watts...Usable in any position...Operating pres- 


sure to 150 P.S.I.... Fluid connections to suit your specifications. 


Some models for aircraft, such as valve illustrated, have 


Yellow Dot approval. Other solenoid aircraft valves available 
and under development for pressures to 3,000 P.S.I. 

Two-way normally open and normally closed solenoid valves 
for special media such as liquid oxygen, nitric acid and concen- 
trated hydrogen peroxide are also available in a variety of sizes. 
Inquiries regarding your solenoid valve 


problems are welcomed. 


THE SKINNER CHUCK COMPANY 
143 Belden Ave., Norwalk, Conn. 


VALVE DIV. 


Coast-to-coast foundries equipped for permanent mold, 
sand, and plaster casting in aluminum. Call your local Alcoa 
casting specialist, listed under “Aluminum” in your classi- 
fied telephone book. ALUMINUM COMPANY OF AMERICA, 
882E Gulf Building, Pittsburgh 19, Pennsylvania. 


ALUMINUM CASTINGS 


TO 


ELECTRICALLY CONDUCTING MICROPAINTS 


SOME 
BASIC USES 


METER SHIELDS 
STABLE RESISTORS 
CIRCUIT SHIELDING 


THEY ARE SOLVING NEW PROBLEMS EVERY DAY 
WHERE THE DESIGN AIMS ARE SIZE AND 


WEIGHT REDUCTION witH REAL DURABILITY 


DE-ICING ELEMENTS 
FUSE BLOCK PARTS 
CONDUCTING CEMENT 


Ce You cannot put a smaller, lighter shield on a miniature or sub- 
miniature tube than an easy-to-apply coat of special, heat- 
radiating Silver Micropaint. 


VACUUM TUBE SHIELDS 

ELECTROPLATING BASE 6e@ 
CRYSTAL HOLDER PARTS 

LAMP SOCKETS & BASES 

PRINTED CIRCUIT WIRING 

AIRCRAFT ANTI-STATIC COATINGS 


Anti-Static paints to eliminate precipitation static on aircraft 
antenna housings. Optimum resistance value to meet BuAer 
resistance requirements. 


GC@ Very low-weight, conducting-film type heating elements. 
RESEARCH 


FOR DEVELOPMENT @@ Close tolerance, high-stability circuit paints for conductors and 
EXPERIMENTATION 


Order the $21 Kit of five air-drying silver, 
copper, and resistance paints (covering the 
resistance range of 0.05 ohm to 2.5 meg- 
an esign manua postpaid in 
U.S.A. or from your distributor. EWERY 
INDUSTRIAL AND COLLEGE 
ORATORY SHOULD HAVE ONE. request, 


MICRO-CIRCUITS CO. 


AIRCRAFT COATINGS DEPARTMENT 
NEW BUFFALO, MICH. 
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pects in great detail. Particularly in 
teresting are his views and analyses of 
“target” versus “realistic”? programs, in 
which he discusses the shortcomings 
and advantages of each with particular 
reference to the evil effects of badly dis 
torted “‘target”’ programs. 

The supplies of components, equip 
ment, and aircraft engines also presented 
some knotty problems to M.A.P. 
planners, since operational spares in 
these categories were ordered directly 
by the Air Ministry and the Admiralty, 
sometimes to the detriment of M.A.P.’s 
main aircraft production plans. Co 
ordination and reconciliation of spares 
procurement with procurement of new 
aircraft were necessary functions of 


and Electrical 
Requirements 
WITH 


ENGINEERING 


M.A.P. and apparently resulted in 
considerable maneuvering between that 
agency and the Armed Services at times. 

The author also goes deeply into the 
matters of productive capacity of the 
industrial units involved, the labor re 
quirements of the industry, the statis 
tical aspects of planning, and the co 
ordinating functions of M.A.P.’s Di 
rectorate-General Planning, Pro 
grams, and Statistics 

The labor requirements of the British 
aircraft industry during this period 
were furnished to M.A.P. by allotment 
of certain element f the British labor 
force by the Ministry of Labor. In the 
early davs of the war, while British 
industrial capacity was expanding to a 


Electric 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


Intermittent high torque 
motor with low weight 
factor; for aircraft and 
many other applications. 


More and more design engi- 
neers are turning to Lamb 
Electric special application 
motors to secure the exact 
mechanical and electrical 
characteristics required for 
optimum product performance. 


Lamb Electric specially engi- 


neered motors often make 


Geared head motor with 
low output shaft speed 
for many slow speed 
heavy-duty drives. 


possible — reduced product 
weight, compactness, im- 
proved appearance and lower 
cost, along with efficient and 
dependable operation. 


Our engineering department 
will be glad to work with yours 
in obtaining these results. 
The Lamb Electric Company, 
Kent, Ohio. 


FRACTIONAL HORSEPOWER 


MOTORS 


REVIEW 
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wartime footing, labor apparently wa: 
not in critically short su ply. At 


length, however, the British war eo 
omy became saturated, considera} 
competition resulted between segmen 
of the economy at Ministry level fo, 
available labor allotments, and_ th 
labor supply became a key factor j 
determining the size of the aircraf 
program. In fact, as the author reveals 
about 1944, labor began to be diverte 
from the aircraft industry to other work 
including the civilian economy, with a; 
inevitable cutback in the aircraft pr 
gram. 


Statistics played a powerful rok 
many top policy decisions. However 
the author indicates that the knowledy: 
and understanding of statistical analysis 
on the part of some of the responsibk 
M.A.P. officials was considerably less 
than perfect. He gives several amusin; 
examples to illustrate his point 


Unlike the main portion of the book 
which deals in rather involved genera 
ities and analytic considerations, t! 
last part, or Appendix, is devoted 1 
the hard facts of the aircraft component 
supply in June, 1944, as an example 
that particular problem. Particula 
reference is made here to procurement 
American-made Packard Merlins 
American propeller assemblies, a1 
Martin turrets. 


It is rather difficult for an Americar 
to state a definite opinion with regar 
to the subject matter of this book 
Certainly the meanderings of some 
our own Government bureaus are nol 
invulnerable to criticism, but the reader 
of this book cannot escape the impres 
sion that there was plenty of room fot 
improvement in some of the operating 
practices of Britain’s wartime 
In fact, much of this work is devoted t 
a commentary on the failure of forma 
accurate planning to meet the require 
ments of the situation. As a joint pr 
curement agency, however, M.A! 


proved workable. Some study of 1 


practices might be interesting to thos 
responsible for aeronautical procurt 
ment in this country. 


Generally speaking, it is felt th 
Professor Devons has made a g00 
presentation of a difficult subjec 
However, because his explanatio! 
sometimes become involved, a I 
more figures, diagrams, organization 
charts, etc., might have improved t! 
work's readability. 


From the academic standpoint 
least, this book should interest busiess 
men, economists, and engineers 
sociated with the American avial 
industry. It would be interesting | 
see someone in the U.S. try to anal 
American aviation procurement 
planning in a similar manner for C0! 
parative purposes. Much iniormat 
material might thus be brought to lig 
for the purpose of improvi 1g our OY 
methods and policies during the cure 
defense emergency. 


WILLIAM FF’. 
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AERONAUTICAL ENGH NEERING REVI 


ENGINEERS 
WANTED AT ONCE 


For 


LONG - RANGE MILITARY 
AIRCRAFT PROGRAM 


by 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles, California 
Columbus, Ohio 


Unusual opportunities for Aero- 
dynamicists, Stress Engineers, Air- 
craft Designers and Draftsmen, 
and specialists in all phases of 
aircraft engineering. Engineer- 
ing skills other than aircraft may 
beadaptable through paid train- 


ing program. Also openings for 


Recent Engineering College 
and Technological Graduates 


Long-range military program of- 
fers fine chance for establishing 
career in aircraft while aiding 
defense effort. Transportation 
to California and established 
training time paid. Salaries com- 
mensurate with experience and 


ability. 


Please include summary of 
education and experience in 
reply to: 


Engineering Personnel Office 


Section 2 


NORTH AMERICAN 
AVIATION, INC. 
Los Angeles International Airport 


Los Angeles 45, Calif. 
or 
Columbus 16, Ohio 


Wanted 
ENGINEERS 


AND 
SCIENTISTS 


Unusual opportunities for out- 
standing and experienced men. 
These top positions involve pre- 
liminary and production design in 
advanced military aireraft and 
special weapons, including guided 
missiles. 

Immediate positions include: 

Electronic project engineers 

Electronic instrumentation engi- 

neers 

Radar engineers 

Flight test engineers 

Stress engineers 

Aero- and thermodynamicists 

Servo-mechanists 

Power plant installation designers 

Structural designers 

Klectro-mechanieal designers 

Electrical installation designers 

Excellent location in Southern 
California. Generous allowance for 
travel expenses. 

Write today for complete infor- 
mation on these essential, long-term 
positions. Please include resume of 
your experience & training. Ad- 
dress inquiry to Director of Engi- 
neering, 

NORTHROP AIRCRAFT, Inc. 


1005 E. Broadway 
Hawthorne (Los Angeles County), Calif. 


CW—MAY, 19341 


When you write to manufacturers 
whose advertising appears 


in the 


Aeronautical Engineering 


Review, 
it will be 
of interest to the companies 
and of benefit to the Institute if you 


mention that you saw it 


in the 


Aeronautical Engineering 


Review 


SELF-BONDING POLYETHELENE BASE TAPE 


FOR 
HIGH FREQUENCY 
HIGH TENSION 
ELECTRICAL 
INSULATION 


PERFECT FOR 
ANTI PRECIPITATION 
STATIC ANTENNA 


Forms into a solid mass of insulation 
and produces moisture tight seals 
by means of a gasketing action 

on all materials. 


CHECK THESE EXCLUSIVE FEATURES: 


\ Fuses into a non-laminar homogeneous mass. 

Excellent dielectric characteristics. 

Vv A perfect moisture barrier and corona resistant. 
(Can be applied at—30° F.) Prolonged ageing 
without deterioration. 

Vv Will not corrode metals. 

\ Easy to apply—conforms readily to odd contours. 


af 2.40, 


P. F. .0004 @ 10 m.c. 


SEND TODAY FOR FREE SAMPLE STRIP 


BISHOP MANUFACTURING CORPORATION 
254 West 3lst Street, New York 1, N.Y. 


Please rush BI-SEAL Data. 


Title 


Company 
Address 
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Jet Aircraft Power Systems; 
Principles and Maintenance 


By Jack V. Casamassa. New 
York, McGraw-Hill Book Com- 
pany, Inc., 1950. 338 pp., diagrs. 
$5.50. 


The formation and development of a 
textbook to prepare aircraft mechanics 


for maintenance and overhaul of jet 
aircraft. propulsion units and _ their 
associated accessories are not easy 


tasks. The editor is among the first to 
attempt this objective for presentation 
to civilian-trained aircraft mechanics. 

The prime questions of objectives and 
choice of method of instruction are 
necessarily determining factors in the 
development of any textbook. The 
apparent objective of this text is to 
present a wide coverage of present-day 
factual knowledge regarding all opera 
tional phases of jet aircraft power sys 
tems. The method of instruction 1s 1n 
the main descriptive and leans heavily 
on the theory that an accumulation of 
factual knowledge coupled with a me 
chanical sense of the principlesof thermal 
and fluid phenomena will provide the 
background knowledge required for an 
understanding of the maintenance and 
operational problems of present and 
future high-speed aircraft 

rhe book is not intended for design 
engineers or for a presentation of the 
theoretical principles usually required 
at a college level Accordingly, there 
is no need for a mathematical presenta 
tion of the theoretical principles in 
volved such as is available in a number 
of excellent textbooks for college courses 
on the theory of jet engines. Rather 
the editor has presented one of the first 
books on jet and turboprop engines defi 
nitely slanted for the practical use of 
aircraft mechanics and all those who 
wish both general and detailed opera 
tional information Thus, it launches 
into a channel of knowledge unbroken 
until now. In the wake of such a 
rapidly advancing technology, it 1s 
true that there will be many shifts and 
changes in the stream bed just as there 
are still so many depths of research un 
explored, but, during the process, this 
book will be of great help since it pre 
compilation of the existing 
factual knowledge that can be released 
on the art of jet engines as it exists to 
day. 

The material treated is divided into 
four sections. Part 1, The History and 
Design of Jet Machines, relates a briet 
study of ancient and modern develop 
ments of the jet idea and then describes 
the major differences between turbojets 
turboprops, athodyds, and rockets It 
concludes with a summary of the general 
advantages and disadvantages of ex 
isting models of these different tvpes 


sents a 


Part Il begins with a comparatively 
brief nontechnical explanation of jet 
propulsion theory and then considers 
installation practices problems 
Mhe integration of a jet engine with its 
aircraft entails such problems as air in 
lets and cooling and exhaust systems 
along with thrust-augmentation meth 
ods that may be related directly to the 
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_BESTOS 


AERONAUTICAL 


Over 85% of the torque wrenches used in industry are 


TORQUE WRENCHES 


Read by Sight, Sound or Feel 
e Permanently Accurate 
e Practically Indestructible 
e Faster—Easier to use 
e Automatic Release 
e All Capacities 


in inch ounces 
...inch pounds 
... foot pounds 


(All sizes from 
0-6000 ft. Ibs.) 


Every manufacturer 


ENGINEERING 


design and production 
man should have this valu- 
able data. Sent upon request. 


pa. [5 lurtevanT (co. 
ADDISON [QUALITY] /LLINOIS 


VELBESTOS VELEE 


GASKETS 


are important in an aircraft engine. 
Our VELBESTOS 170-1 conforms to 


AERO SPECIFICATIONS 
AMS 3232E, AN-G-171 and MIL-G-7021 


Samples furnished for experimental purposes. 


THE VELLUMOID COMPANY 


WORCESTER 6, MASS. 


DESIGNERS AVAILABLE 


“CAL-AERO TECH” graduates are immediately useful 
without break-in...and dependable. 
EXPERIENCE 
4000 hours on board and in aircraft shops, with fundamentals and ac- 
tual work assignments under supervision of Aircraft Factory Experienced 
Designers — specializing in design of component parts — proficient 
in layout, strength checking and manufacturing process analysis. 
New class graduates each month — serving Douglas North 


American + Boeing * Northrop + Curtiss-Wright «+ Lockheed 
Convair * Ryan * Airesearch * and many others. 


HIRE A “CAL-AERO” GRADUATE — HE'LL DELIVER THE GOODS 


Phone or write 


CAL- AERO TECHNICAL INSTITUTE 


Grand Central Air Terminal — Glendale 1, California 


REVIEW MAY, 1951 159 


FOR SURFACE INSPECTION 


A PRODUCTION INSPECTION TOOL 
— DOES THE JOB OF COSTLY IN- 
SPECTION DEVICES IN LESS TIME. 


Stow costly method of 
Surface Inspection 


The MAGNIVISION Way 
FAST — EFFICIENT — ACCURATE 


ie 


Surface inspection of machined parts is 
only one of the many and varied uses for 
MAGNIVISION in your shop. 

The use of MAGNIVISION will give im- 
proved vision to all your workers and 
they will find many uses for it. They will 
use it more and more for fine detail and 
accurate work and it will increase pro- 
duction, improve efficiency and decrease 
work fatigue caused by improper light- 
ing. 

WRITE TO DEP’T AR FOR COMPLETE INFORMATION 


ENGINEERING DEVELOPMENTS INC. 
Portsmouth, Newport, Rhode Island 
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AERONAUTICAL ENGINEERING 


REVIEW 


A Better WAY... 


for LABORATORY OR PRODUCTION LINE! 


THE BERKELEY EVENTS-PER-UNIT TIME* 
Meter will automatically count and dis- 
play the number of events that occur dur- 
ing a precise one second interval at rates 
up to 100,000 per second. Accuracy is + 
one event. These events may be any me- 
chanical, electrical, or optical occurrences 
regularly or randomly spaced that can be 
converted into changing voltages. Thus 
the EPUT becomes an extremely flexible 
tool which may be used as a precision 
electronic tachometer, a secondary fre- 
quency standard, a device for rapid de- 
termination of unknown frequencies or 
simply a multi-purpose general labora- 
tory instrument. 


AUTOMATIC: This unit will count for a 
precise one second interval, display the 


THE BERKELEY TIME INTERVAL METER*, 
Model 510, provides a direct reading of 
elapsed time between any two events in 
the range of 0.000010 to 1.0000 seconds. 
Accuracy of measurement is + 10 u/secs. 
Any occurrences that can be translated 
into changing voltages may be timed. 
Timing may be started and stopped by 
independent voltages. The polarity of 
these control voltages may be selected by 
means of toggle switches so that the unit 
may be started and stopped by either pos- 
itive or negative pulses. A sensitivity con- 
trol permits selection of the amplitude of 
the start or stop voltages at opumum 
level for elimination of interference. 


EPUT* 


@ ELECTRONIC TACHOMETRY 
@ FREQUENCY MEASUREMENTS 
© HIGH SPEED COUNTING 


results in direct reading form for a pe- 
riod variable from one to five seconds, 
and then automatically recycle. On ‘'Man- 
ual” operation the instrument will count 
for one second and display the result in- 
definitely until the “reset-count” button 
is again depressed. 


MODIFICATIONS: Standard modifications 
available: a selectable 0.1, 1, and 10 sec- 
ond time base; addition of mechanical 
register for extended range; addition of 
panel switch to permit use as straight 
counter; scanning feature to provide a 
time base in any multiple of 10 seconds. 
Special modification including accessories 
such as tachometer pickups and photocell 
arrangements can be supplied to meet 
specific requirements 


TIM* 


@ TIME INTERVAL MEASUREMENTS 
@ PRECISE LOW-FREQUENCY 


MEASUREMENTS 


@ HIGH SPEED COUNTING 


OPERATION: By use of photocell attach- 
ments the interval between two separate 
light flashes may be timed. Similarly by 
use of an added photochannel anda single 
photocell duration of a light period or a 
dark period may be determined. 


MODIFICATIONS: Standard modifications 
available: addition of a photocell chan- 
nel; the addition of a mechanical register 
to extend range to 10 seconds; thresh- 
hold control to permit selection of pre- 
cise amplitude of input pulse so unit may 
be made to operate at any desired posi- 
tion on sine wave; panel switch to permit 
use as straight counter 


DIRECT READING: The only truly direct 
reading equipment of its kind, presenting 
results in decimal form on an illuminated 
panel. No interpolation, no lights to add. 
A convenience in the laboratory; a neces- 
sity in production. 


COMPACT: The Models 554 and 510 are 
standard 19” single rack units mounted 
in Berkeley cabinets 2034,” wide x 101/2” 
high x 15” deep. Weight per unit, approx- 
imately 60 pounds 


For complete information, write for Data Sheets 510-AE and 554-AE 


A NATIONAL ORGANIZATION 


Berkeley Scientific Representatives: DALLAS, TEX. — John A. Green Co. * VANCOUVER, B. C. — Hugh M. 

Birch-Jones Co. * CLEVELAND — J. R. Dannemiller * MONTREAL, QUEBEC — Electrodesign * CHICAGO- 

KANSAS CITY — Everett Associates * NEW YORK CITY (Export) — Frathom Co. *© NEWARK - 

WASHINGTON, D. C. - PHILADELPHIA — Gawler-Knoop Co. * MINNEAPOLIS, MINN. — Graybar Electric 

PORTLAND, OREGON — Hawthorne Electronics * DENVER - SALT LAKE CITY — Mine & Smelter Supply 

ATLANTA — Murphy & Cota * ROCHESTER, N. Y. — E. A. Ossman * LOS ANGELES — V. T. Rupp Co 
DETROIT — S. Sterling Co. 


MAY, 1954 

Indexes of names and subject include 
together with an appendix on the A cation of 
the Lorentz Reciprocity Theorem t catterir 
and on Coherent and Incoherent Scattering fro, 
Assemblies of Scatterers 

ENGINEERING 
Engineers’ Council for Professiona Develop- 


ment; Annual Report for Year Ending Septembe 


30,1950. New York, 1951 53 pp. $0.50 
Reports are presented of the Committee 
Student Selection and Guidance Engineerir 

Schools Professional Training Profe 
Recognition Information, Engineeri: Ethic 
and Unity and of the representat of « 
stituent organizations The best known «& 
mittee of E.C.P_D. is that on Engineer chor 
which, since 1935, has examined and accredit 
656 engineering curricula in 142 engineeriy 
schools rhe list of accredited curricula, printe 


in this report, now includes 29 aeronautical eng 


neering curricula and 21 curricula in which aer 


nautical engineering specialization is an optior 
part of the mechanical engineerit course 
Five technical institutes are also accredited 


EQUIPMENT, ELECTRICAI 


Electrician’s Mate 3. Prepared by | 
Bureau of Naval Personnel (Navy Trainir 
Courses, NavPers 10548 Washington, | 
Govt Printing Office 1950 357 


diagrs $1.00 


FUELS & LUBRICANTS 


The Practice of Lubrication. TC. Thoms 
ith Kd New York, McGraw-Hill Book ( 
pany, Ine.,1951. 617 pp.,diagrs. $8.00 

his book was last revised in 1937. Int 
present edition, a new chapter on Engine 
Additives included New development 
production, refining, blending vnthetic 
and new solvent refining processes are present 
rhe lubrication of aircraft engines and acce 

discussed on pages 512-516 The orig 
purpose, to provide ‘‘an engineering treat 
the origin, nature and testing of lubricant 
selection, application use retaine 


The author, now an independent cot 


engineer in Denmark, was for many ye 


Engineer of the Vacuum Oil Company, Ltd 
London 

World Geography of Petroleum. Kdité 
Wallace E. Pratt and Dorothy Good Amer 
Geographical Society, Special Publication N 
31 Princeton N.J., Princeton Univer 


Press, 1950 164 pp., illus., maps $7.50 

rhe greater part of this comprehensive a 
authoritative book (286 pages) is devoted to tl 
world's productive regions includin 
the Eastern and Western Hemisphere 
chapters cover potential productive area 
pecially the polar regions and the continent 
shelves on the sea floor he findir 
bearing areas and the organization and met! 
of the industry are covered in two openit 
tions The final section, on Aspects of Ut 
tion, covers the availability of petrol 
and tomorrow, its use in World War II, « 
utilization, a statistical survey, and the eff 
world distribution of petroleum on tl 
policy of nations A 22-page bibliogr 


maps are included 


INSTRUMENTS 


Instrumentation Flow Plan Symbols I 
tive Recommended Practice No RI 
Pittsburgh 12, Pa., Instrument Socret Am¢ 
ica, 19449. 14 pp. $1.00 

Radiation Instrument Catalog. l At 
Energy Commission, Division of I 
Medicine Instrument 
Washington, U.S. Office of Technic 


1950 2 Vol Illus 


Radiation 
$2.00 per set 


MACHINE ELEMENTS 


Introduction to Mechanical Design. T. 
Jefferson and Walter J. Brooking. New York 


Ronald Pre 
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Ronald Press Company 1951 612 pp.. illus 


srs. $6.50 


This textbook aims to present machine design 
seen by the experienced designer considering 


the function of the machine, its configuration 


requirements, economic considerations, the use of 
1 
ational and empirical design data, and desired 


gnal appearance, as these are weighed by the 


iesigner. The elementary theory of machine 


ements is presented against this background 


with particular emphasis on materials, manu 


cturing processes machine frames, lubrication 
tyling streamlining and 
tanks and containers, and the use of 
tilable 


Separate chapters are also in 


finishing Pipes 


ng 


tandardized av machine elements are 
considered 
ided on Bolted and 


Welded Fastenings and Joints; 


Connections 
Shafting 
Friction Gearing, Brakes 
Belt, Rope 
Linkages, and Mis 


Riveted 
Screws 
Keys, and Couplings 
and Clutches; Gears and Flywheels; 
and Chain Drives; Cams 
and Springs Bibliographies 
This book 


prize in the Machine Design 


ellaneous Devices 
re included at the ends of chapters 
was awarded first 
Division of the competitive program for modern 
zed textbooks on design, sponsored by the James 

Lincoln Are Welding 
eflerson is editor of The 
nd Mr. Brooking is associated with the Special 
rojects Department, M. W 


Foundation Mr 


Welding Engines 


Kellogg Company 


MANAGEMENT & FINANCE 


Executive Action. Kdmund P. Learned, David 


Ulrich, and Donald R. Booz Boston 63 


Division of Research, Graduate School of Bus 
ess Administration, Harvard University, 1951 
Spp. $3.25 


book 


rect interview with high-level executives in in 


Data for this were gathered largely by 


stry, supplemented by files of case studies at 


Harvard Business School and by an intensive 


idy of working relations among executives of a 


| sample of twelve companies located in 


arious parts of the country The book is de 
gned to state and deal with the problem of co 
nation at the top level and among the various 


ts of an industrial enterprise Ihe discussion 


nterms of human relations In the first part 


$l pages) the human factors in the background 


executive action are discussed The second 


131 page is concerned with major aspects 


executive action Administration is con 


ded to be a team job, particularly in the larger 


ganization ind a continuing job having no 
mplete solution 


nd to be 


Subordinates frequently were 
underrated on their capacity to as 
me greater responsibility Frequent personal 
tact is essential to effective administration all 
ng the line executive 


teams should be 


ll enough to allow this The best results de 
{onthe improved capacity of executives and 
ervisors to 


nthe addit 


coordinate human efforts, rather 
on of more echelons of supervision 
A Study of the Fairchild Engine and Airplane 


\orporation; With a Brief Review of the Current 


Strategic Position of the Aircraft Industry. New 
tk, Selig Altschul Aviation Advisory Service 
73 pp 


MATERIALS 


The Behavior of Engineering Metals. H. W 


ett. New York, John Wiley & Sons, Inc 
395 pp., diagrs $6.50 
this book is intended for designers, production 
gineers rchasing agents, sales engineers 
thers not specializing in metallurgy Engi 


ng fact n the behavior of metals are em 


zed. | owing six introductory chapters on 
asic concepts of metallurgy, the next nine 
ers de vith the behavior of the principal 


istrial metal 


and alloys. The final nine 

ters coy uch considerations as machin 

y, clac 1 coated metals, metal films and 
ces, powders, bearing metals, and severe 

€ of faces and of metals at very high 
‘very low temperatures. The final chapter 
"ets Cost 1d availability Sources of more 
tailed information are discussed in an ap 


AERONAUTICAL 


ENGINEERING REVIEW—MAY, 


1951 161 


Rate Measuring 


Control 
the Stabilization 


For the accurate 


te 
measurement of absolu 


on, 

ing Gyroscope offers the fo 
i 

Maximo 0.2% 

ing ratio 


9. Lightweight: 3 5/8 ibs. 


Flight Testing 
Rate Computation 


in the adjustment 


titude 
wide ions. 


cular specificat 
Hietin K 


ope affords 


The design of ermits design to ony 


of complete details write for Bu 
mwood Street 


CORPORATION 


INSTRUMENTATION 
CTRONIC INVERTERS 
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GYROSCOPI 


SERVOMECH 


SYNCHR 


MODEL 


ULTRA-LOW 
OSCILL 


with frequency range of 


“FEATURING: 0.02-20,000 cps 


1. BOTH SINE AND SQUARE WAVE. 2. COMPLETELY 


ELECTRONIC OPERATION. 3. EXCELLENT AMPLITUDE CON- 


STANCY. 4. LOW DRIFT AND DISTORTION. 


DESCRIPTION: This oscillator, Model 410-A, covers the sub-audio and 
the entire audio range. It provides both sine and square wave at 
any frequency range between 0.02 and 20,000 cps. 
Precisely engineered and constructed, the Model 410-A is 
ideal for medical research, geophysical and seismological 
instruments, and design and development of servo-mechanisms 
and vibration controls. 


KROHN-HITE instrument Co. 


580 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS., U:S.A 


MODEL 330-A 
ULTRA-LOW FREQUENCY 
BAND-PASS FILTER 


variable 0? 000 cns 
FEATURING: Width 


ADJUSTABLE CENTER FREQUENCY AND BAND WIDTH @ 
UNITY PASS BAND GAIN @ 24 DB/OCTAVE SLOPE @ COR- 
NER FREQUENCY PEAKING @ LOW INTERNAL NOISE 

DESCRIPTION: Unity pass band gain and 24 db/octave slope outside 


the pass band. Bot igh and low cut-off frequencies are independ- 
ently adjustable from 0.02 to 2,000 cps. 


= Especially useful for vibration studies, for electro-medical 
y \\, research and geophysical and seismological instrumentation. 


KROHN-HITE instrument co. 


580 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS., U.S.A 
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Where ordinary rubber gaskets fail . . . 


COMPRESSION SET 
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AT TEMPERATURES FROM 
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SUASTICSL stays Elastic! 


AT EXTREME TEMPERATURES, 
Silastic has greater resistance to 
compression set—or to perma- 
nent deformation due to heat 
and pressure—than any other 
rubberlike material. Its elastic 
memory exceeds that of both the 
best low temperature and the 
best high temperature organic 
rubbers available. Silastic 7-170 
forms a more resilient seal at 
—50°F. than a special low tem- 
perature organic rubber does at 
—7°F. At 450°F., Silastic has 
more resistance to permanent 
compression set than the most 
heat-stable organic rubbers have 


at 330°F. 
Combine that kind 


of elastic 


PHOTO COURTESY 
AIRCRAFT CORP 


CONSOLIDATED VULTEE 


In aircraft cabin heating and pressurizing 
systems, Silastic gaskets stay elastic under 
operating temperatures ranging from —70 
to 400°F. Similarly, Silastic gaskets and O- 
rings withstand hot oils at about 450°F. in 
automotive, aircraft, diesel-electric engines. 


memory with excellent resistance to aging, to oxidation and to attack 
by a variety of chemicals and hot oils, and you have Silastic—the 


most stable of all resilient gasketing materials. 


That's why design 


engineers and maintenance men specify Silastic, the Dow Corning Sili- 
cone rubber that pays for itself many times over in reduced mainten- 
ance costs and improved performance. 


No. 10. containing 


plications for all 


Silastic stocks. 


| 
| 
| 


SEND TODAY! 


For your copy of Silastic Facts 
new 
data on the properties, 
performances and ap- 


from +500°F. 


SULASTIC / stays Elastic 


to —100°F. 


Atlanta * Chicago * Cleveland * Dallas * Los Angeles * 


In Conoda: Fiberglas Canada Ltd., Toronto 


New York * Washington, 


*T. M. REG. U. S. PAT. OFF. 


LEW 


| DOW CORNING CORPORATION, perr. A-5, MIDLAND, MICH. 

| Please send me Silastic Facts No. 10 
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FIRST IN SILICONES 


D. C. 


° In England: Albright and Wilson Ltd., London 
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Bibliography. Gordon M. Kline N B.S. Cir 


cular No. 494 Washington, U.S. Govt. Print d 7 ¥ t th t 
ng Office June 15, 1950 l4pp. $0.15 U er ar S mo e or ou n S a 
Aluminium Alloy Castings. (A.D A. Informa 


IBRATION 


ota tion Bulletin No 17 London, The Aluminium 
Hevelopment Association, May, 1950 45 pp., 


diagrs l 


METEOROLOGY 


Climate and Weather for Flight in Naval 
Operational Zones. Prepared by U.S. Naval Air 
rraining Command, Pensacola, Fla Washing 

US. Govt. Printing Office, 1951 (1944) 
203 pp., illus., maps $0.55 

Russian-English Dictionary of Meteorological 
Terms and Expressions. Werner A Baum 
Washington, Hobart Publishing Company, 1949 
$7.50 


MILITARY AVIATION 


Air Force Procurement Procedures. (U.S 

\ir Force Manual No. AFM 70-6 Washing 

n. US. Govt. Printing Office, June, 1950 65 
$1.00 


NAVIGATION 
Program, Air Navigation Development Board. 


‘ Washington, U.S. Air Navigation Development 
Board, December 1, 1950 lll pp 


PERSONAL FLYING 


Personal Aircraft Inspection Manual. U.S 
1 Aeronautic Administration Fechnical 
Manual No. 101 Washington, U.S. Govt 


rinting Office, November, 1950. 81 pp., illus 


PRODUCTION 
Die Casting. H H. Doehler New York 
{eGraw-Hill Book Company, Inc 1951 
llus., diagr 88.00 


rhe first five chapters deal with die-casting 
machines, the die, the part design, and the practi 
aspects of the die-casting process Vhree 
llurgical chapters cover the alloys, die steels 

nd finishing rhe final chapters cover machin 
trimming, inspection, cost estimation, and 
ety rhe author aims to discuss present pro 
tion methods and design techniques in die 


isting, and to point out the possibilities and 


trends for the future of this process, which are 
nsidered unlimited Phe author is Chairman 
the Board of the Doehler- Jarvis Corporation ACUSHNET molds rubber parts, designed by customers’ vibration 
Machinability and Machining of Metals. . 
engineers, for use in Mounts and Pads that isolate vibration or suppress 
New York, McGraw-Hill Book Company, Inc noise and shock. We mold parts, to order only, for many leading manu- 
facturers of mounts and pads, and for automotive, aviation, electrical 
ihe two general purposes o te authors are to 
er the metallurgy and machining characteris and original equipment manufacturers. 
s, 19 Sof metals and their alloys, and the actual i 4 ie 
tting of the metals—that is, the machining ILLUSTRATED. Air-damped mounts for airborne equipment and military 
applications; Rubber-to-metal bonded motor mount required to withstand 
aqesig cu ing speeds eedas an . . . 
‘he dad a 720° twist test; Isolation vibration pad for medium weight machinery; 
‘ es common practice and standard design Featherweight mount for very light loads in delicate equipment; Disc type 
be be mount for mounting aircraft engines inside of hermetically sealed 
ces or tools are needec ‘or each meta . . . . . 
discussion proceeds from its metallurgy to shipping containers; Spindle in- 
tools used and the operations involved in its sulator for isolating vibration in 
achining References are given at the ends of H H 
nterns apters The book is an excellent survey of textile spindles. 
on th practice 
Dr 1s Send for Rubber Handbook 
elallurgical engineer, anc r. Gibbons is a 
Metallurgical Engineer with the Eclipse-Pioneer PROCESS COMPANY on your company letterhead 
“vision, Bendix Aviation Corporation New Bedford Mass. 
How to Chart Timestudy Data. Phil Carroll 
‘ew York, McGraw-Hill Book Company, Inc 
323 pp.,diagrs. $5.00 
Charting procedures are presented for the 
ypmen indard data method, improvement of time 
s, an ¥ methods, forms of standard data, standards 
53-194 


curve drawing, time-study data curves 


as planning controls, and equations in 
me study 


plic 


Alignment charts and their ap- 
ations, multiple curves 


multivariable charts 
nd 
““ constant per cent charts are others discussed 


The author points out that the charting methods Address all communications to 786 Belleville Ave., New Bedford, Mass. 
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discussed, except for alignment charts, are not in Lessons in Lettering Thomas B. French and 
other books on time-study methods. This book William D. Turnbull, Revised by A. J. Philby 
is an expansion of Chapters 13, 14, and 15 of his 3rd Ed. New York, McGraw-Hill Book Com 
Timestudy for Cost Control (2nd Ed., 1943) and pany, Inc.,1950. 2 Vol 10,40 pp., illus. $0.60 
requires accuracy in simple arithmetic through per Vol 
decimals as the minimum mathematical qualifica These two volume ast revised in 1921, are 
tion of the reader the first in a serie f practice books Book 1 

Quality Control; Principles, Practice and covers the Vertical ngle Stroke, and Book 2 
Administration. A.V. Feigenbaum New York, covers the Inclined ngle Stroke The authors 
McGraw-Hill Book Company, Inc., 1951 443 are associated with the Department of Engineer 
pp., diagrs $7.00 ing Drawing at The O State University 

The discussion in this book is divided into four 
parts, covering quality control from the overall REFERENCE WORKS 
administrative point of view, from the statistical 
point of view, its application in the plant, and its BIBLIOGRAPHIES 
introduction into the plant A final chapter Educators Guide to Free Films. Compiled 
summarizes the subject in the form of detailed by Mary Foley Horkheimer and John W. Diffor 
answers to nine questions about quality control 10th Ed Randolph Wis 1950 392 pp 
A bibliography of 30 references on statistical $5.00 
quality control is included. The author is Secre In this new annual ition, over 25 per cent of 
tary of the Quality Control Coordinating Com the 1,927 titles wer reviously listed About 
mittee, General Electric Company 60 of the new title er various technical as 


BH. AIRCRAFT 60. 


FARMINGDALE, NEW YORK 


MAY, 1954 


pects of aeronautics. Others dea 


vith air trap 


portation, airports, air power, ator bomb test 
aluminum, magnesium, various production pro 
esses, machine tools, electronic physics, ay 
other related sciences Indexe { titles 


jects, and sources of films are inch i 
A List of British Scientific Publications Re. 


porting Original Work or Critical Reviews 
rhe Royal Society, Informatio: rvices ( 
mittee London, Cambridge University Pre 


1950 95 pp 2s. 6d 


DICTIONARIES 


German-English Technical Dictionary of 
Aeronautics: Rocketry, Space Navigation, Atom) 
Physics, Higher Mathematics, Jet Engines 
Turbines, Hydraulics, Petroleum Industry, Ciyj 
and Mechanical Engineering, Ballistics, Ele 
tronics, Radio, Radar, Aerophotography, Tele- 
vision, Infrared Research, Communication 
Meteorology, Topography, Aeromedicine 
Edited by Kurt F. Leidecker New York 
Vanni, Publishers and Bookseller Distribut 
by Charles A. Meyers and Company, N 
N.Y., 1951 2 Vols 968 pp $35 per set 

In this excellent dictionary the English eq 


lents are given of more than 100,000 German tect 
nical words. Two or more English equival 
are given for about 20 per cent of the tern 
Theoretical terms are liberally included, and ther 
is a wide coverage of technical and scientific { 
related to aeronautics, as indicated rough! 
the subjects mentioned on the title page. Spe 
features are the inclusion of abbreviation 
curring in the technical literature for the name 
companies, for words, and for German militar 
ind other groups and units Letter symbols an 
code symbols are also included Ihe greater j 
of the vocabulary of this dictionary was der 
from thousands of captured German re 
covering the latest Axis research and theory 
aircraft, propulsion, weapons, production met 
ods, military organization and tactic and t 
underlying sciences The basic work was dor 
by the editor and his assistants under the dir 
tion of the U.S. Air Force beginning in 1945, fr 
in Europe, then in London, and finally at Daytor 
Ohio, where the German documents program W 
completed 

Aviation Dictionary; English-Spanish, Spas 
ish-English. (U.S. Air Force Manual No AF) 
900-1 Washington, U.S. Govt. Printing OF 
1950. 325 pp. $0.70 

Dicionario Aerotécnico Inglés-Portugués 
Carlos Nayfield Rio de Janeiro, Cia. Edit 
Leitura, 1945. 331 pp. $6.00 

Flyglexikon; Svenskt-Engelskt, Engelskt 
Svenkst. L. Sundstrém Stockholm A 


Linqvists Forlag, 1946. 216 pp. $4.75 

Aviation; A Technical Dictionary, English 
French and Frangais-Anglais. Par! Her 
Didier, 1945. 2 Vols. in one. 239, 209 
$1.00 


RESEARCH 


Fiscal and Budgetary Phases of Research 
A Selected List of References. Compiled 
Helen Dudenbostel Jones Washington, Librar 
of Congress, General Reference and Bibliogt 
Division, 1949. 33 pp 


SCIENCES, GENERAI 


GEOGRAPHY 
Geography of the Pacific. Edited by Ot" 
Freeman New York, John Wiley & 908 I 


1951. 573 pp., illus., maps. $10 
This volume, written by 13 authoritie 


tended to fill the need for a single comprene! 


source on the climates, current 


strategic and political significance ind the ge¢ 


human, economic, and political geography 
Pacific area The greater part of the . 
concerned with 15 areas, all consisting © ; 
groups except for Australia Other 
are considered only as terminal nts 
routes A great deal of scattered nformat 
gathered into this authoritative volume 
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Technological Applications of Statistics. L. 
H. C. Tippett New York, John Wiley & Sons, 
Inc, 1950. 189 pp., diagrs $3.50 

Based on a set of lectures delivered in 1948 at 
the Massachusetts Institute of Technology, this 
hook is described by the author as an introduction 
and companion to a systematic textbook on ap 
lied statistics The emphasis is upon basic as- 
sumptions and their implications for the tech 
nologist and points arising in practical applica 
tions of the methods. The exposition is de 
veloped from examples, using arithmetic pro 
cedures rather than mathematical proofs. The 
first part deals with The Routine Control of 
Quality, covering quality measurement, theory 
and practical application of control-chart proce 
dure, control of the fraction defective, and ac 
ceptance sampling. The second part covers In 
vestigation and Experimentation, including the 
theory and application of the statistical theory of 
errors, analysis of variance, and correlation 
analysis. brief bibliography included 
The author is Head of the Mechanical Processing 
Division of the British Cotton Industry Research 


Association 


Tables for Conversion of X-Ray Diffraction 
Angles to Interplanar Spacing. (U.S., National 
Bureau of Standards, Computation Laboratory, 
Applied Mathematics Series, No. 10.) Washing 
ton, U.S. Govt. Printing Office, 1950 159 pp 
$1.75 

In the first six tables, spacing values are given 
nangstrom units, using wave lengths established 
n London in 1946 for X-ray targets of molyb 
denum, copper, nickel, cobalt, iron, and chromium 
for @ angles from 0° to 90° at intervals of 0.01‘ 
In the last two tables, the data for copper and 
ron are rearranged for the argument 20 from 0° 
to 180° at intervals of 0.02 The work was 
sponsored by the Office of Air Research, Air Ma 
teriel Command, U.S. Air Force 


Differential and Integral Calculus. Edmund 
Landau Translated from the German by 
Melvin) Haussner and Martin Davis New 
York, Chelsea Publishing Company, 1951. 366 
pp. $4.50 

This is a translation of Professor Landau’s 
Einfiihrun in die Differentialrechnung und 
Integralrechnung (Gréningen- Batavia, 1934) 
rhe author's aim is to present a formal, rigorous, 
and reasonably complete treatment selected from 
his most recent courses. Applications of the cal- 
culus are not emphasized, and the author recom 
mends that this book be supplemented by a collec 
tion of problems for those who wish to practice on 
a number of examples. Geometric applications 


are likewise omitted Infinite series are included, 


A Manual for the Slide Rule. Paul E. Mach 
ovina. New York, McGraw-Hill Book Com 
pany, Ine., 1950. 78pp.,illus. $0.75. 

Designed for use in a short course on the slide 
tule, this text covers its construction, manipula 
tion, and theory, proceeding into simple calcula 
tons. The last half of the book is concerned with 
the folded and inverted scales, combined opera 
tions, squares and cubes and their roots, loga 
rithms and the J. scale, trigonometric scales, and 
the log-log scales Problems are given on the 
fast twelve pages. The author is an Associate 
Professor in the Department of Engineering 
Drawing at The Ohio State Universit y 


Practical Mathematics. Part II—Algebra 
with Applications. Claude Irwin Palmer and 
“amuel Fletcher Bibb. 5th Ed New York, 
McGraw-Hill Book Company, Ine., 1950 252 
PP., diagr $2.40 


In this new edition of a standard text last re 
vised in 1941, a new chapter on progressions 
has been added, and a number of additions have 
‘een made to the text and to the problems 
Dr. Palmer was a Professor of Mathematics 
and Dean of Students, and Dr. Bibb is Associate 
Professor of Mathematics at the Armout College 
of Engineering 
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First with MET-L-FLEX, Robinson 
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all-weather vibration and shock 
mounting systems. Built for the 
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installations of today’s high per- 
formance commercial and mili- 
tary aircraft, more than 50,000 
all-metal systems have been de- 
livered. Robinson MET-L-FLEX 
unit mounts and complete mount- 
ing systems meet specifications 
JAN-C-172A and AN-E-19. 
Mounting systems in JAN form 
factors and special designs are 
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PHYSICS 
B. F. Goodrich Com 


Davidson is Director of 


PI 
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iysical Research, The 


WRITING 


Applied Nuclear Physics. Ernest C. Pollard Bibliography of Electron Microscopy. Claire Exposition for Science and Technical Students 
and William L. Davidson. 2nd Ed New York Morton, Samuel Sa Max Swerdlow, Alan Van John L. Stewart New York, William Sloane 
John Wiley & Sons, Inc., 1951 352 pp., illus Bronkhorst, and Har Meryman U.S., Na Associates Inc.,1950. 258 pp. $2.00 
diagrs. $5.00 tiona] Bureau of Standards. Circular No, 502 The discussion in this book cent« round the 

This book was first published in 1942. This Washington, I G Printing Office. August nature of scientific exposition and the relation of 
edition retains the authors’ purpose to present 1,1950. 87 pp $0 its requirements of precision exactness to Jan 
the essential factors of nuclear physics, emphasiz L & N Bibliography of Polarographic Litera- guage. Problems in the use of language 
ing the technical aspect of the subject. A new ture. [Bibliograph 3-90 1 Phila outlines, and paragraphs are discussed in the 
chapter on nuclear chain reactions and special delphia, Leeds & > Company, 1950 103 first half of the book The final half de i 
sections on pile theory, neutron diffraction pp to reports. The forms and uses of reports. their 
cross sections, cosmic rays, and laboratory ex Control of Radiation Hazards in the Atomic formats, library research, and methods of gather 
periments have been added References are Energy Program { Atomic Energy Com ing materials and observation are included 
given at the ends of chapters Professor Pollard mission Washinet S Govt Printin: author is Assistant Professor of Engl 
teaches physics at Yale University, and Dr Office, July, 1950 illus.,diagrs. $0.55 Dartmouth College. 
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( Continued 


The Approximate Deflection of Thin Flat Triangular Plates 
Subjected to Uniform Normal Load. II. J. Guest and F. § 
Shaw. Australia, Department of Supply, Aeronautical Research 
Laboratories, Report No. SM. 162, November, 1950. 12 pp 
illus. 1 reference 

The deflection function used in the solution solves only th« 
kinematic boundary conditions. Courant’s sensitizing method i 
applied to obtain an approximate solution, and this procedure i 
found to give a better solution than 
employed the Ritz procedure. 

Readers’ Forum: On Plastic Buckling of Plates and a Theory 
of Plastic Slip. P.Cicala. Journcl of the Aeronautical Scien 
Vol. 18, No. 4, April, 1951, pp. 285, 286, illus. 3 references 

An Experimental Determination of the Fatigue Strength of 
CA-12 ‘‘Boomerang” Wings. W. W. Johnstone, C. A. Patching 
and A.O. Payne. Australia, Department of Supply, Aeronautic 
Research Laboratories, Repert) No. SAI. 160, September, 195 
53 pp., illus. 


a previous method th 


: 11 references 
Investigation of the fatigue strength of a stressed-skin riveted 
aluminum-alloy structure by a resonant vibration testing method 


in full-scale tests on Bocmerang” fighter wings 


Thermodynamics (18) 


The Unit of Heat. Royal Aeronautical Society, Journal, Vo 
99, No. 481, January, 1951, pp. 52-55, illus. Reeommendation 
of the Royal Society (Londen) for representing the quantities of 
heat, entropy, ete., in terms of the joule rather than the caloric 

On the One-Dimensional Theory of Flame Structure. 
mond Friedman and Edward Burke. Journal of the Aeronaut 
Sciences, Vol. 18, No. 4, April, 1951, pp. 239-246, illus. 16 refer 
ences 

A Comparison of Quenching Distance and Inflammability 
Limit Data for Propane-Air Flames. [Dorothy Martin Simo 
Journal of Applied Physics, Vol. 22, No. 1, January, 1951, p 
2 references 


Gas Dynamics Activities, Supersonics and Gas Dynamics 


Ray 


10: 


Section. Canada, National Research Council, Aeronautic 
Laboratories, Quarterly Bulletin, Report No. ME 1950 (4 
October 1—-December 31, 1950, pp. 1, 2, illus Facilities, proj 


ects, applications, and present status of gas-dynamics research 

An Air-Flow Analogy for the Solution of Transient Heat Con- 
duction Problems. M. B. Coyle. British Journal of App 
Physics, Vol. 2, No. 1, January, 1951, pp. 12-17, illus. 3 refer 
ences 

Fundamental principles of an air-flow-analogy process for th« 
solution of heat-conduction problems in metals of which the 
specific 
with 


heat and thermal conductivity may vary appreciably 
the temperature. This involves a “‘lumping 
procedure in which the second-order differential equation of hi 
conduction is replaced by 


process 
a set of first-order equations. A) 
arbitrary region of the system is assumed to be composed of cell 
in which the heat reservoir of each is concentrated at the centet 
equivalent conduction rods represent the heat flow between thi 
centers of adjacent cells. A small prototype unit is described 


page 140) 


Water-Borne Aircraft (21) 


Effect of an Increase in Angle of Dead Rise on the Hydrody- 
namic Characteristics of a High-Length-Beam Ratio Hull. \\ 


E. Whitaker, Jr., and Paul W. Bryce, Jr. U.S., N.A.( 
February, 1951 12 pp., illus. 13 references 


Wind Tunnels & Research Facilities 


A Flexible Nozzle for a Small Supersonic Wind Tunnel. 
Satish Dhawan and Anatol Roshko. Journal of the Ar 


ronaul 
Sciences, Vol. 18, No. 4, April, 1951, pp. 253-258, illus. Desig 
inalysis 

Wind Tunnel Interference Due to Lift for Delta Wings of 


Small Aspect Ratio. 
llogskola, Institution for 
RO TN 19, September 
In English 


Sune B. Berndt. Sweden, Kunegl. 
Flygteknik, Technical Note No. KTH 
25,1950. 11 pp., illus. 5 references 

Correction factors are obtained for calculating the correct 
to measured values of angle of attack, drag, and pitching mom« 
for a given lift rhese factors are obtained from the investigati 
of wind-tunnel interference due to lift on delta wings of low asy 
ratio. 

Experimental Investigation of the Effects of Support Interfer- 
ence on the Drag of Bodies of Revolution at a Mach Number of 
15. Edward W. Perkins U.S., N.A.C.A., Technical 
Vo. 2292, February, 1951. 50 pp., illus. 4 references 

Use of Wind Tunnel Model Data in Aerodynamic Design. 
R. Hills. Royal Aeronautical Society, Journal, Vol. 55, No. 481, 
January, 1951, pp. 1-19, Discussion, pp. 20-26, illus. 8 refer 
ences 

The Physical Properties of Active Nitrogen in Low-Density 
Flow. James M. Benson U.S., N.A.C.A., Technical Note N 
2293, February, 1951 6S pp., illus. 21 references 

Investigation at velocities extending into the supersonic regio! 
determination of the magnitude of the effects of a shock wav 
examination of the aerodynamic disturbances introduced into 
stream tube by the activity associated with afterglow Phe 
ults can be applied to problems of flow visualization by the nitr 
gen afterglow method 

Partners in Research. C.C. Furnas. Machine Design, VO 
23, No. 2, February, 1951, pp. 175, 198, 200, 202, 204, illu 

Coordination between those employed in fundamental 1 
ipplied research, and development; interchange of id mong 
clentists; 

Military 


leronautical Engineering 


practical limitations of security. 

Research and Development. Philip B. Taylo 

Review, Vol. 10, No. 4, April, 1951, Pl 

19-51. (Exeerpts from an address Functions and ope! 
tion of the U.S. Research and Development Board 

Current Projects in Aerodynamics Laboratory, Aircraft and 
Allied Instrument Laboratory, Engine Laboratory, Flight Re- 
search Section, Fuels and Lubricants Laboratory, Hydraulics 
Laboratory, Low Temperature Laboratory, and Structures 
Laboratory. Canada, National Research Council, A 1ul 
Laboratories, Quarterly Bulletin, Report No. ME 1950 (4), Oct 
ber 1-December 21, 1950, pp. 3-19, illus. 
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1 kh OPPORTUNITIES 
nd the 
nb Join 00 i ce The University of Michigan is ex- 
wee in California panding its research organization 
nt hae and will have a number of ex- 
= cellent opportunities open in impor- 
~ tant research programs for Engineers, 
rt Physicists and Mathematicians. Work 
a great place to work 
a great place to live ; The Aerophysics & Atomic Energy 
/ There's a better job—and a better life — waiting ELECTRONICS Research Division of North Ameri- 
for you at Lockheed in Southern California, in an (Experience in circuit development can Aviation, Inc., offers un- 
kheed offers you an attractive salary, a . 
| travel allowances. ‘ : Cathode Ray disvl Test work in the fields of Long 
j Lockheed will train you for aeronautical equipment or Vathode Nay displays Range Guided Missiles, Auto- 
| work, if your experience is in other fields of preferred.) : : adie: 
| snginsering. matic Flight and Fire Control 
| IMMEDIATE OPENINGS FOR: SYSTEMS ANALYSIS Equipment and Atomic Energy. 
| nerodynamicists * Aerodynamics Engineers SIMULATION Well-qualified engineers, de- 
| Electronics Engineers «Aircraft Design Engi- OPERATIONAL ANALYSIS signers and physicists urgently 
\ neers * Stress Engineers and Analysts « ded f Soke f i 
‘ody- Production Design Engineers + Engi- Researchers have an opportunity to needed tor all phases OF Work in 
Iter Flight complete their requirements for 
graduate degrees while employed. Supersonic Aerodynamics 
Salaries are commensurate with Preliminary Design & Analysis 
Write today for training and experience. Applicants Electronics 
booklet describing life and work 
at Lockheed in Southern California. Address: —_ invited © send a resume of ed Electro-Mechanical Devices 
nnel. M. V. Mattson, Employment Manager ucation and experience to: 
LOCKHEED gh Test 
Navigation Equipment 
: Burbank, California ANN ARBOR, MICHIGAN 9 pains 
Controls 
Servos 
Rocket Motors 
Propulsion Systems 
Thermodynamics 
fer Airframe Design 
0 Stress & Structures 
ign. 
18 Salaries Commensurate with 
training & experience. 
Excellent working conditions. 
sity 
\ Finest facilities and equipment. 
Outstanding opportunities for 
Development Engineers 
: Write now—Give complete resume 
for Electronic Aircraft Armament | | 
experience. 
ELECTRONIC INSTRUMENTATION ELECTRONIC COMPONENTS 
SERVOMECHANISMS e¢ RADAR ELECTRONIC PACKAGING ° 
CALIBRATION AND TESTING ENGINEERS FOR PRODUCTION PERSONNEL DEPT. 
Job openings range from recent graduates to Engineers Aerophysics & Atomic Energy 
with years of experience. Send complete resume, listing 
salary requirements and availability, to: RESEARCH DIVISION 
and Technical Employment Supervisor, Station 483 North American Aviation 
Re- 
INC. 
ve THE EMERSON ELECTRIC MFG. CO. 
8100 Florissant + St. Louis 21, Missouri 12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 
LEADERS IN THE ELECTRICAL INDUSTRY SINCE 1890 ' 
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Ply 


Physicists 


SPECIAL OPENINGS 
FOR ENGINEERS 


Boeing’s Engineering Division needs experienced and 


fields: mechanical, aeronautical, electrical, electronic, civil 


acoustical, and structural. Write today for application 


forms to address indicated above, right. 


Engineers 


[he Boeing Airplane Company has exceptional 
openings at Seattle for outstanding physicists 
and engineers. Are you one of them? 

The work is in Boeing’s expanded Physical 
Research Unit—on some of the nation’s most 
vital projects: research and development on ¢lec- 
tronic and microwave circuits, flush antennas, servomech- 
anisms and computers, radar systems and components, and 
instruments and gyros. 


These positions offer challenging work in a 
professional environment with a company of high- 
est renown. You'll live in the Pacific Northwest 
with its equitable climate and unparalleled recrea- 
tional possibilities. 

Opportunity for advancement is essentially 
unlimited in the rapidly expanding fields of 
guided missiles, airplane control and industrial 
machine and process control. Salaries are based 
on semi-annual performance review. 

To qualify, you must already have demonstrated 
outstanding experimental or analytical abilities. 
Or you must have recently received the M.S. 
or Ph.D. degree with high honors in Electrical 
Engineering, Physics or Applied Mathematics. 


If you qualify, write today for application form. Address: 


Joun C. SANDERS 

Starr ENGINEER—PERSONN! 
Boeing Airplane Company 
Seattle 14, Washington 


junior engineers in the following and allied engineering 


& 


168 


ENGINEE 
tions are ava 
Center, Joh 
$3,100 to $7, 
ELECTRI! 
Systems—D 
trical compo 
electrical po 
uipment 
nd design of 
ntrol devi 
regulated ele 
mechanical « 
hermostats 
Electri 
sign of 
ystems suc 
tol devices, 
gener: 
Evaluation 
erational 
ystems or ¢ 
more of the 
e develop 
esirable.. 
y design 
butions 
Irces to 
lits in con 
ation of lal 
ther electr 
Operatic 
ELECTR 
lopment 
justices In 
ectrum 
tadar equiy 
requency 
evelopme 
Inication 
stems in 
de, etc 
ectronic ¢ 
ces, se 
ssion sy 
ton— Deve 
fadiation a 
adio-frequ 
ENGIN] 
nd operat 
mplete 
nents th 
tions ab: 
ment of st 
AERON 
Structural 
aircraf 


iding 


tlastics 
Teraft 
Toblems 
Tuctural 
erienc 

8 of 


kines, 


| 
| 
| 
| 
] ate 
ane 
a Fe» 
a 
t ¢ 
4 
| 
nt. Ag 
ressur: 
ty, an 
nen 
Tesses d 


Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
S organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


WANTED 


ENGINEERS—The following engineering posi- 
tions are available at the Naval Air Development 
Center, Johnsville, Pa. Positions range from 
$3,100 to $7,600 per annum 

ELECTRICAL ENGINEERS: Aircraft Electrical 
Systems—Design and layout of wiring and elec- 
trical components for distribution and control of 
electrical power and interconnection of electrical 
pment in aircraft. Control— Development 
nd design of electrical systems involving sequence 


ntrol devices, servomechanisms, temperature- 
regulated electrical heating, electrical and electro 
mechanical components such as relays, solenoids 
ermostats, electrical clutches, rotary machines, 
c Electrical Components— Development and 
esign of components associated with electrical 
ystems such as relays, solenoids, sequence con 
rol devices, voltage regulators, frequency regula 
generators, and alternators. Test and 
Evaluation— Must be experienced in laboratory or 
rational test procedures for complete aircraft 
stems or components thereof as listed in one or 
more of the options above. Design experience in 
e development of such components or systems is 
sirable. Laboratory and Plant Facilities—Sur 
y design and planning of electrical power dis- 
ribution system high-voltage primary 
rees to the secondary power and lighting cir- 
its in connection with the service to and instal- 
tion of laboratory test and plant facilities, and 
ther electrical engineering duties associated with 
i operation and maintenance of such facilities 
ELECTRONICS ENGINEERS: Sonar—De 
opment and design in the field of underwater 
justices in the sonic and subsonic portions of the 
ectrum. Radar—Development and design of 
lar equipment involving ultra and super high 
requency components and systems. Radio 
evelopment and design of AM and FM com 
nications, navigation, and/or radio-control 
stems including transmitters, receivers, anten 
¢, ete. Control 


ectronic circuits involving autopilots, regulating 


Development and design of 


ces, servomechanisms, computers, data trans- 
Radia- 
ton—Development in the field of electromagnetic 


sion systems, and similar devices 


liation and reception for infrared, visible, and 
idio-frequency waves 
ENGINEERING EVALUATION 


l operational engineering evaluation and test of 


Laboratory 


plete electronic aircraft systems or com 
nents thereof as listed in one or more of the 
tions above Design experience in the develop 
nt of such components of systems is desirable 
AERONAUTICAL ENGINEERS: Aircraft 
Stuctural Design—Involves the applied design 
urcraft structures, or components thereof, 
luding the installation of controls and equip 


it. Aerodynamics—Involves the estimation 
Pressure distributions, static and dynamic sta 
ty, and performance of aircraft or airborne 
mponents. Stress Analyst—Involves the cal 
ated de velopment of loads, the distribution of 
és, and the critical appraisal of material 
fesses developed in aircraft structures. Aero- 
*lastics—Requires specific experience in theoretical 
Teraft flutter and dynamic structures response 
blems and associated problems in aircraft 
‘uctural vibrations. Power Plants—Must be 
‘rienced in the theoretical and practical as 
‘ts of the performance of jet engines, rocket 
hes, and conventional piston engines. Sta- 


bilization— Requires knowledge of the theoretical 
and design aspects of the automatic stabilization 
and control of aircraft with particular emphasis 
on the analys 


s of the complete airplane system 
Test and Evaluation of Aeronau- 
tical Components— Must be experienced in static, 
dynamic, or operational test procedures for com 


performance 


plete aircraft systems or components thereof as 
listed in one or more of the options above. De 
sign experience in the development of such com- 
ponents or systems is desirable 


MECHANICAL ENGINEERS: Machine De- 
sign—Capable of making design and performance 
calculations and layouts of mechanisms and struc 
tural elements on aircraft components such as 
electromechanical mechanisms, fire-control equip 
ment, antennae, cam, gear, and linkage systems 
power drive systems and hydraulic components, 
general aircraft armament, and ground handling 
equipment. Must be capable of establishing 
tolerances and design details for economic produc 
Test and 
Evaluation— Must be experienced in dynamic or 


tion processing of such equipment 


operational test procedures for complete aircraft 
systems, or components thereof, as listed in one 
or more of the options above. Design experience 
in the development of such components or sys- 
tems is desirable 


PHYSICISTS 


mathematical analyses, design studies, develop 


Duties include theoretical and 


ment of experimental equipment, and furnishing 
of technical consultation to engineers in the 
development, design, and evaluation of experi 
mental and prototype equipment involving the 
fields of physics indicated by the options listed 
below. Mechanics—Exterior and terminal bal- 
listics, servomechanisms, aircraft automatic 
stabilization and control, analog computers, and 
computing Electronics—Theory and 
characteristics of cathode-ray and other electron 


sights 


tubes, electronic network analysis, radar, semi- 
conductors. Heat—Thermodynamics, heat flow, 
radiation. Light—Optics, 
Electricity and Magnetism—FElectrical and mag 
netic circuits, electrical and magnetic properties 
of matter, Sound — 
Acoustics, supersonics, underwater generation, 
and detection of sound. Experimental and Test 
Techniques—Specialization in planning and 
implementation of test programs (including flight 


instrument’ design. 


electromagnetic fields 


tests) for evaluating principles and equipment 
covering one or more of the above options and 
including actual design of special test equipment 
Inquiries concerning these positions should be 
addressed to Industrial Relations Officer, U.S. 
Naval Air Development Center, Johnsville, Pa. 


Standards Engineer—Applicant must have an 
extensive background of experience and thorough 
working knowledge of all Government specifica 
tions, AN, ANA, ANC, and other standards and 
be capable of evaluating, on a comparative basis 
items most suited for diversified structural applica 
tions in coordination with design personnel. A 
further requirement is a complete familiarity 
with the operation of the National Aircraft Stand 
ards Committee and other similar organiza 
tions engaged in issuing, interpreting, and recom 
mending standaraized parts for use in aircraft 
structures A standards engineer with a formal 
engineering education is preferred for the reason 
that he niust be able to rely upon his own knowl- 
edge and experience, referring only unusual prob 
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lems to the supervising or senior engineer. Sub- 
mit reply to Personnel Department, Sikorsky 
Aircraft, Bridgeport, Conn. 


Weight Engineer—Applicant must have a 
thorough knowledge of weight investigation work, 
including the calculation of complicated aircraft 
fittings, preparation of aircraft weight studies, 
and a thorough knowledge of aircraft balance 
computations, flight ballasting schedules, and 
normal weight control procedures from the time 
of conception of design to actual manufacture of 
prototype and production articles. Minimum of 
five years’ actual experience as a weight engineer 
is required. Submit reply to Personnel Depart 
ment, Sikorsky Aircraft, Bridgeport, Conn 


Design Engineers and Layout Draftsmen 
Should have minimum of 3 years’ aircraft experi 
ence. Also Stress Engineers with B.S. degree 
Please submit full details, including education, 
experience, capabilities, availability, salary re 
quirements, etc. Address: Chief Engineer, 
Kellett Aircraft Corporation, Central Airport, 
Camden 11, N.J. 


Professors of Aeronautical Engineering—Two 
positions on the teaching staff of the Department 
of Aeronautical Engineering of The University of 
Texas will be available beginning September 15 
1951 These positions are described as follows 
Aircraft Structures: Duties involve the teaching 
of required undergraduate courses in this field, 
development of advanced elective and graduate 
courses, further development of laboratory facil 
ties, and supervision of graduate thesis work 
Qualifications should include at least a Master’s 
degree and preferably a Doctor’s degree in aircraft 
structures; 10 to 15 years’ experience in teaching 
aeronautical engineering, in industrial stress 
analysis work, or in a structures research labora 
tory. Aircraft Design: Duties involve the 
teaching of required undergraduate courses in 
aircraft detail design, preliminary design, and a 
shop laboratory course in aircraft materials and 
processes. This staff member would also be ex 
pected to assist in the teaching of required under 
graduate courses in aircratt structures and aero 
dynamics and in the further development of 
laboratory facilities in one or both of these fields 
Qualifications should include at least a Bachelor’s 
degree and preferably a Master's degree in Aero 
nautical Engineering; 5 to 10 years’ experience in 
the aircraft industry in design and/or stress 
analysis work; an active interest in research on 
design and development problems Rank and 
salary for these positions will depend on previous 
training and expe-ience and will range from $2,700 
to $7,200 for the 9 month school year. Ample 
opportunities are available for individual re 
search and for participation in sponsored research 
projects Interested applicants should write to 
Dr. M. J. Thompsoa, Chairman, Department of 
Aeronautical Engineering, The University of 
Texas, Austin 12, Tex., for application forms 


Aircraft Dynamics Engineers—For research 
work in the fields of: subsonic and supersonic 
flutter, vibration, dynamic loads; stability and 
control of missiles; and helicopter dynamic prob 
lems. Applicants must have good background in 
fundamentals of applied mechanics and mathe 
matics. Advanced degree or previous experience 


in field is preferred. Salaries commensurate with 
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‘ou BIRTCHER TUBE CLAMP 
ron MINIATURE TUBES 


POSITIVE PROTECTION 
AGAINST LATERAL AND 
VERTICAL SHOCK! 


The New Birtcher Type 2 Tube 
Clamp holds miniature tubes in their 
sockets under the most demanding 
conditions of vibration, impact and 
climate. Made of stainless steel and 
weighing less than 14 ounce, this 
New clamp for miniature tubes is 
easy to apply, sure in effect. The base 
is keyed to the chassis by a single 
machine screw or rivet...saving time 
in assembly and preventing rotation. 
There are no separate parts to drop 
i Jor lose during assembly or during 
—777 LEE weguse. Birtcher Tube Clamp Type 2 is 
all one piece and requires no welding, brazing or soldering at any point. 

If you use miniature tubes, protect them against lateral and vertical shock 
with the Birtcher Tube Clamp (Type 2). Write for sample and literature. 

Builder of millions of stainless steel Locking Type Tube Clamps for hundreds 
of electronic manufacturers. 


Tze BIRTCHER 


DRIVE LOS ANGELES 32 


(AIRSURANCE| 


Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 LOW oF HIGH PRE 


at new low rates So 


SSURE 


Ye 


No Physical Examination + No Age Limit « 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $38.00 per year 


High pressure or low, there is a 
Giannini precision pressure transmitter 
that meets your requirements for remote 
indication, recording or control. 

From less than | up to 10,000 psi, with 
various types of resistance and inductive 
output values, Giannini precision pres- 
sure transmitters are designed to with- 
stand extremes of acceleration, tempera- 
ture, vibration, while at the same time 
retaining their accuracy and their fast 
response characteristics.‘ They are stand- 
ard with the Leaders.’ Write for booklet. 
G. M. Giannini & Co., Inc., Pasadena 1, California 


@ 


oll Backed by the 
girlines in U.S. ond Combined Assets of 


Aetna Casualty & Surety Co 
American Surety Co. of N. ¥ 


American Fiag lines 
world-wide — also 


airlines in Canada, 


Century Indemnity Company 

Hartford Accident & Indem- 
nity Co 

safe operating Maryland Casualty Co 

standards 


Mexico and South 


America which meet 


Massachusetts Bonding & 
Insurance Co. 


New Amsterdam Casualty Co, 
Standard Accident Insurance 
Company 


Travelers Indemnity Co. 


United States Fidelity & 
Guaranty Co. 


WRITE OR PHONE ANY U. S. GROUP OFFICE 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. «© NEW YORK 38, N. Y. giannini 

ATLANTA » CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 


MAY, 1951 


training and experience Corne Aer 
Laboratory, Inc., Employment 
Genesee St., Buffalo 21, N.Y 


Designer—-Experienced in air 
cessories, wanted for designing lubricatio; 
installations for jet engine Location. § 
College, Pa Salury up to $675 per mont 


fully qualified man 


ENGINEERS—The following vacancix 
in the Technical Analysis Division, Inte 
Department, Air Materiel Command, Wy 
Patterson Air Force Base Dayton 
MCIZXA 

ARMAMENT: Armament Engineer (Bom 
ing Systems) (MC1-805) (86,400 To 
research and monitor projects pertaining t 
formance, characteristics, and overal! 
capabilities of foreign aircraft bombing syster 
Armament Engineer (Bombing Systems) (MC 
806) ($5,400 To conduct research and a¢ 
plish projects determining the design and 
ance characteristics of foreign bom wat 
and fuzes, bomb release gear, and ecial a 
ment devices. Ordnance Engineer (Aircraf 
Weapons and Accessories) (MC1-808) (84,60 
ro investigate and determine the statu 
research and development of such aircraft 
ment accessories as gun mount ind rock 
launchers, chargers, firing device ammunit 
containers, ammunition boosters, firin 
heaters, cooling and scavenying devices. ar i 
containers. Mathematician (Ballistics) (MCI- 
811) ($4,600 To perform calculation 
solution of problems to determine termin 
tics effects and the vulnerability of toreig 
craft and components to weapons fire. Arma- 
ment or Ordnance Engineer (Antiaircraft Artil- 
lery) (MC1-812) ($6,400)—To conduct resear 
and monitor projects pertaining to performar 
characteristics and the overall effectivene 
foreign antiaircraft artillery and unguided no 
siles. Applicants should obtain Civil Ser 
Form 57 and mail to: Technical Analysis D 
sion Intelligence Department Air Mater 
Command, Wright-Patterson Air For 
Dayton, Ohio (MCIZXA 

INDUSTRIAL MATERIALS: Chemical Engi- 
neer (Aircraft Materials) (MC1-813) (35,401 
lo conduct research and monitor project tin 
to foreign tesearch and development 
chemical engineering field as it relates to crit 
materials, such as rubber, plastics, and 


as used in aircraft, guided missile in 


component Industrial or Production Enginee 
Manufacturing Methods) (MC1-815) (35,40! 
lo conduct research and monitor project 


taining to the status and trends of devel 
foreign aircraft industry (including air frame 
missile structure) with respect to crit 
facturing methods, techniques, and assem 
Industrial or Production Engineer (Manufactur- 
ing Methods) (MC1-816) ($5,400 ro 
research and monitor projects pertainin 
status and trends of development 
cratt and missile propulsion and foretg! 
ment industries with respect to critical mat 
turing methods, techniques, and assemb! In 
dustrial or Production Engineer (Manufacturing 
Methods) (MC1-817) ($5,400 ro conduct f 
search and monitor projects perta 


status and trends of development 


nautical mstrument industries 
instruments, automatic pilots, et« 
tu critical manufacturing methods, 
assembly Applicants — should tam 
Service Form 57 and mail to: Technica 
Division, Intelligence Department, Ait 
Command, Wright-Patterson Air | 
Dayton, Ohio (MCIZXA) 


NUCLEAR ENERGY: Nuclear Physicist 
MC1-804) ($8,800)—To supervise t pral 
responsible for estimation and determinat 
foreign technical accomplishment 
bilities in the field of nuclear energy 
abilities of foreign nations to conduct air wats 
Nuclear Physicist or Electrical Engineer | Elect 
nuclear Systems) (MC1-818) (35,40! To cof 


duct research and monitor project 


the electri 
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MC! 


MCi 


ufactur- 


the electrical and electronic aspects of nuclear 


energy in its application to military purposes by 
foreign nations, particularly as it may affect Air 
Force operations Mechanical Engineer (Me- 
chanical-Nuclear Systems) (MC1-819) ($5,400)— 
ro conduct research and monitor projects pertain 
ng to the mechanical aspects of nuclear energy in 
s application to military purposes by foreign 
nations, particularly as it may affect Air Force 
operations Nuclear Physicist (MC1-820) 
87.600)—To conduct research and monitot 
rojects pertaining to the status and trends of 
scientific advancements by foreign countries and 
their technical accomplishments and capabilities 
n the application of nuclear energy to specific 
roblems of air warfare. Applicants should 
obtain Civil Service Form 57 and mail to: Tech 
nical Analysis Division Intelligence Department, 
\ir Materiel Command, Wright-Patterson Air 
Force Base, Dayton, Ohio (MC1ZXA). 


AIRCRAFT AND PROPULSION: Aeronau- 
tical Engineer (MC1-620) ($6,400)—To conduct 
research and monitor projects pertaining to per- 
formance, characteristics, and overall technical 
capabilities of foreign piloted aircraft. Propul- 
sion Engineer (Rocket Power Plants) (MC1-630) 
$6,400)—To conduct research and monitor 
projects relating to foreign aircraft and guided- 
Aeronautical 
Power-Plant, Fuel, and Lubricant Engineer 
MC1-611) ($6,400)—To supervise the group 
conducting research on foreign fuels, lubricants, 
und rocket propellants. Aeronautical Power- 
Plant, Fuel, and Lubricant Engineer (MC1-618) 
$6,400)—To conduct research and _ estimate 


missile rocket power plants 


characteristics of foreign aircraft petroleum base 
Aircraft Pulse 
and Ram-Jet Power-Plant Engineer (MC1-629) 
$6,400) To conduct research and estimate per- 


or synthetic fuels and lubricants 


formance of technical characteristics of foreign 
ulse-jet and ram-jet engines. Aircraft Power- 
Plant Engineer (MC1-609) ($7,600)—To super 
vise group conducting research and estimating 
performance and technical characteristics of 
foreign aircraft gas-turbine, ram-jet, pulse-jet, 
Aircraft Performance Engi- 
neers (MC1-622, 623, 624) ($3,825-$5,000) 


Supervise (in highest grade) and perform esti 


and rocket engines 


mates of performance, stability and control, and 
other flying characteristics of foreign aircraft or 
Aeronautical Engineers (Guided 


Missiles Experience) (MC1-625, 626) ($5,400 
$6,400 


guided missiles 


To conduct research and monitor proj 


ects pertaining to performance, characteristics, 


ind overall technical capabilities of foreign guided 
missiles. Aeronautical Research 
MC1-614, 615, 616) (86,400 


search and technical analysis of foreign scientific 


Engineers 
To conduct re 


trends and advancement in the specialized fields 
{ the aeronautical sciences such as Structures 
Dynamics (Flutter, Aeroelasticity, etc.) Air- 
craft Accessories Systems Engineer (MC1-613 
400 lo conduct research and estimate per 
formance and technical characteristics of aircraft 
Aircraft Power-Plant Engi- 
neers (MC1-632, 634) ($4,600-$86,400)—To con 


duct research and estimate performance and 


Accessories svstems 


general technical characteristics of foreign aircraft 
engines. Aircraft Power-Plant Accessories and 
Components Engineer (MC1-631-1) (35,000) 
lo conduct research and estimate technical char 
acteristics and performance of foreign aircraft 
power-plant accessories and component parts with 
particular reference to fuel systems, carburation 
nd fuel injection svstems lubricating systems 
snition systems, and power-plant control systems 
Aircraft Propeller Engineer (MC1-633) ($5,400) 
lo conduct research and estimate performance 
and technical characteristics of foreign aircraft 
Topellers. Aircraft Instrument and Naviga- 
‘onal Equipment Engineer (MC1-636) ($6,400) 
To conduct research and estimate performance 
and technical characteristics of foreign aircraft 
sttuments, engine instruments, automatic con 
equipment, and air navigation equipment 
Aircraft Mechanical Equipment Engineer (MC1- 
reas $5,400 lo conduct research and estimate 
‘rlormance and technical characteristics of air- 


“ST accessories and equipment such as hydraulic 


MICRODIMENSIONAL WIRE 


Custom- Enameled 


TO YOUR SPECIFICATIONS 


The enamel-insulation of our microdimen- 
sional wire meets the high standards of 
quality set by all our products. The enamel 
is uniform, tough, flexible and has high 
dielectric strength ... Send us your speci- 
fications or inquire for further details. 


SIGMUND COHN. CORP. ° 


Since 1901 


ATTENTION ! 


ALUMINUM 
FABRICATORS 


COMPONENT PARTS NOW 
ASSEMBLED AND BRAZED BY 


Aluminum 


DIP BRAZING 


Process 


EASTERN 


HEAT TREATING & BRAZING 
CORPORATION 


250 W. 54th ST., NEW YORK, N. Y. 
Circle 6-6113 


Fully Equipped Brazing 
and Heat Treating Plant 


Serving Leading Defense and 
Industrial Industries 


AIR FORCE APPROVED 

Full Range of Furnaces 

Pioneers in Induction Heating 
Copper Hydrogen Brazing 

Aluminum Dip Brazing 

Manufacture and Assembly 

of Precision Production Parts 
© Conveyor Systems for Production Runs 

Inquiries Invited 


SEND FOR DESCRIPTIVE HEAT 
TREATING BROCHURE 


44 GOLD ST.. NEW YORK 7 


CATALOG 


FREE 


PARTS & INSTRUMENTS 


New, complete. Compiled especially 
for your use -- 132 easy-to-read, 
easy-to-use, easy-to-file, 81/2 x 
11" pages containing all your elec- 
tronic component and instrument 
needs. 


WRITE FOR YOUR FREE COPY 
TODAY DEPT. I-2 


& ELECTRONICS CO. INC. 
122-124 Duane St. * New York 7, N. Y.* BArclay 7-1840 


TWO BLOCKS NORTH OF CHAMBERS STREET 
Established 1922 * Open Daily 9-6, Sat. 9-4:30 
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ENGINI 


REV 


TE 


TIVE PLASTIC BOXES . 
NIQUES . 


CUSTOM MADE IN SIZE AND SHAPE... 
MATERIALS, IN TAPE THICKNESSES FROM .006” TO .00025” 
ANNEALED 
BUT COMPETITIVELY PRICED. 


TAPE WOUND CORES 


OF ALL HIGH PERMEABILITY MAGNETIC 


. CASED IN PROTEC- 


IN HYDROGEN BY OUR EXCLUSIVE TECH- 


ff 
MAGNETICS.: 
| , ine. 


BUTLER PENNSYLVANIA 


BARDWELL & McALISTER 


ing svsTem 


For locking steel threaded 
inserts and studs in all 
materials softer than steel 


ROSAN Locked-in Studs 


Once the studs are locked in 
the parent material, there is 


ROSAN Threaded Insert 
A steel Rosan Insert, screwed 
into Magnesium or aluminum 
alloys and locked in with the no chance of vibrating loose, 
Rosan Ring, will withstand and even a frozen nut may 
greater loads than the fasten- be easily removed with no 
ing bolt used to join the two 


question of the stud turning 
sections to be held. 


or becoming loose. 


It’s the ROSAN Locking 
Ring that gives the 
grip that holds 


The many tecth of the Rosan serated locking ring give the 
immense bearing surfaces required for secure fastening. The 
inner circle of serations holds the insert or base of stud—the 
outer circle, when driven into position, becomes an integral 
part of the parent material 
Write today for the complete Bardwell & 
McAlister Rosan Catalog, Dept. 43 


the first manufacturer of the Rosan Locking System 


BARDWELL & McALISTER, Inc. 


BURBANK, CALIFORNIA 


ALLISON 
RADAR 


NAVIGATIONAL AID 
For MULTI-ENGINED 


TRANSPORT AIRCRAFT 
& HELICOPTERS 


MILITARY — CIVIL 


COMPACT 
LIGHT WEIGHT 


EFFICIENT 


SEES Thru FOG 
DAY and NIGHT 
@ Sees Thunderstorm Cores, Snow, Hail, 
Rain in advance. 


@ Promotes smoother flying for passenger 
safety and comfort. 


@ Warns of approaching aircraft in line of 
flight. 


@ Sees obstructions in true outline and/or 
direction, 


ALLISON 
RADAR CORPORATION 


11 W. 42nd St., N.Y. 18 ® PEnn 6-5811-12 
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systems, pneumatic systems, special 


ipe equir 


ment, landing gears, oxygen and 
systems, etc 


UriZatior 


search-Engineer (MC1-617) (86,4 Te 
duct research and estimate perforn 


lance an 
general technical characteristics of foreign aircraiy 
engines Aeronautical Engineer MC1-607 
($7,600 To supervise the group conducting r 
search and monitoring projects pertaining 
performance, characteristics, and overall techn 
capabilities of foreign guided mi r A 
eants should obtain Civil Service Fy 
mail to: Technical Analysis Division, Int, 
gence Department, Air Materiel Con 
Wright-Patterson Air Force Base, Dayto 
MCIZXA 

ELECTRONICS: Electronics Engineer (Mc}- 
703 88,800 
for estimation of pe rformance, characterist 
technical capabilities of foreign air 


Supervises the branch respon 


borne 
ground radar, radio navigation, communicat 
and guided-missile control system Electronics 
Engineer (Radio Navigation) (MC1-708) (86.4 
Conducts research in the determination of t 
performance characteristics and tech 
bilities of foreign radio navigation systen 
Engineer MC1-704 $880 


Supervises the branch responsible for the estin 


Electronics 


tion of capabilities of foreign development 
countermeasure equipment and method Su 
vises classified electronic project Applicat 
should obtain Civil Service Form 57 and m 

echnical Analysis Division, Intelligence Depa 
ment, Air Materiel Command, Wright-Patter 


Air Force Base, Dayton, Ohio (MCIZXA 


296. Quality Control Engineer— With ex 
ence in aircraft engine or propeller manufacturir 
Excellent opportunity with expandin 
manufacturer Submit detailed résume 
perience and training 

294. Aerodynamicist—For position 
of aerodynamic work on a new m 
Should have 4 or more years’ experien 
included aerodynamic stability anal Kt 
edge of supersonic flow as applied to m 


sign essential Location— Detroit 


293. Communications Supervisor Po 
air-line background, capable of 
charge of operations communications pr 
electronics research and development in sm 
line 

281. Instructor 
Engineering 


Opening in Aer 
Department of large nut he 


engineering school Starting salary 83,07 
plus $458.31 for summer school, if taught. Bs 
in Aero. E. and M.S. in Aero. or applied meet 
required Position to be filled befor pten 
1951 Send personal data, tran 


photograph 


AVAILABLE 
298. Aeronautical Engineer —! t 
experience in engineering Seven 
major United States air line as maintenance 
design engineer Presently with 
Wishes tor 


Experienced in hases 


manufacturer as a designer 
in New York area 


aircralt 


maintenance engineering Desig 
perience on aircraft components, Jig ind to 


295. Aeronautical Research Engineer—5> 
in A.E. from M.1.T Will finish t t 
Alexander Hamilton Institute bu 
Seven years’ total experience in aeronaut 
search, including subsonic and superson 


tunnel testing, airplane performance analy 


$ years of guided-missile work, in 
dynamic design, ram-jet performan 
fuser analysis Last 2 years spent er 


of guided: missile design and analys Son 


The number preceding the notices 
represents the Box Number of the !n- 
stitute of the Aeronautical Sciences to 
which inquiries should be addressed. 


Aeronautical Power-Plant Re. 


part-time te 
ences. Pref 
trative Opp‘ 
time can be 


courses 


292. Ma 
cessful and 
experience 
lated defer 
establishme! 
yne or more 
seaboard 
further det 
reference 
ict and arr: 


291. Ae 
experience 1 
and constr 
for military 
practices, 
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employed i 
Familiar w 
tary depart! 
nautical en 
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290. Gr 
several pat 


recently de 
r for mé 
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289. 
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Engineerin 
northern 
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occurs ¢ 
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PERSONNEL OPPORTUNITIES 


part-time teaching experience 


Excellent refer 
ences. Prefers engineering position with adminis 
trative opportunities or a position where some 
time can be arranged to take advanced college 


courses 


292. Manufacturer’s Representative—Suc 
cessful and dependable sales executive with long 
experience and wide contacts in aircraft and re- 
industries, 


lated defense including military 


establishments, available immediately to handle 
ne or more manufacturers’ accounts on eastern 
seaboard or national territory. Glad to give 
further details and unquestionable sources of 
reference. Invite information about your prod- 
ict and arrangements, in confidence 


291. Aeronautical Engineer 
experience in aircraft industry supervising design 


Eleven years’ 
ind construction of aircraft and guided missiles 
for military agency First-hand knowledge of 
practices, procedures, and requirements of leading 
manufacturers and military agencies. Currently 
employed in a top position with proven ability 
Familiar with responsible key personnel of mili 

Aero- 
Desires 


tary departments and aircraft industry 
sautical engineering graduate; age 37 
management or supervisory position in Eastern 


rea 


200. Graduate Aeronautical Engineer— With 
several patents and 10 years’ experience. Just 
recently developed new all-metal vibration isola 
tor for manufacturer Has time available for 

nsultation 


289. Aeronautical Engineer 
Head of 


Engineering Option in Mechanical Engineering at 


Presently As 


sociate Professor and Aeronautical 


northern college Desires position connected 


with aerodynamics, aerodynamic design, or 
S.M., M.I.T.; Reg- 


tered Professional Engineer 


engineering administration 


Location open 


ing. The other issue is turbulence. 


ment in use today works tolerably well in the air but is 


useless on the ground. 


plete grounding. 


Although freezing precipitation 
curs only once in a while, the effect on flying is com- 
The only solution at present is the 


288. Management Executive 
in Aeronautical Engineering. 
Naval Aviator. 


Age 48. M.S. 
Eighteen years as 
Extensive experience and par- 
ticipant in preparation of current mobilization 
plans and their logistic requirements. Retired 
Has been corporate officer and 
executive in private business since 1947, with last 
year in Europe. 


with senior rank 


Wishes position with aviation or 
associated industry desiring executive experience 
in corporate and Government organization and 
management to have maximum participation in 
the National Defense Program 


287. Aviation Executive 
engineering-management 
ground 


Eleven years’ broad 
back- 
Top level contacts in aircraft, air lines, 
and Government with people who count 


aeronautical 


Desires 
management-engineering-sales spot where ex- 
tensive background and knowing people in the 
business are needed 


286. Mechanical Engineer—Age 24. Three 
years’ experience with progressive aeronautical 
research organization in design, stress analysis, 
testing, and thermodynamic analysis. Prefers 
research and development work in Northeast or 
Midwest. 


285. Engineer—Professor of Aeronautical 
Engineering at large university desires change 
Chief aerodynamics engineer at major aircraft 
company 7 years. University position 4 years 


Consultant in aerodynamics and aeroelasticity 


284. Engineer-Pilot—M.E Experi 
enced in aircraft design and flight test engineering 
Three thousand hours as Naval Aviator. Fifty 
hours current jet time engineering 
flight-test pilot position 


Degree 
Desires 


282. Teaching Aerodynamics-Aerodynami- 
cist— Dipl. Ing., Dr.-Ing. habil.; 45 years old 


desires teaching or research position with uni 


All-Weather Flying 


(Continued from page 47) 


Deicing equip- 


laborious application of hot water and, or a mixture of 


cohol and glycerine. 


Air-line freight operations could provide a superb 
testing ground for all-weather flying if, as E. A. Cutrell 
pointed out, at least four airports were equipped with 


‘ppropriate facilities. 
two alternates. 


inv, cancellations. 


This means two terminals plus 
Special pilots would not be needed, 
and best opinion is that there would not be many, if 
An operation of this type would 


provide the needed practical experience and be a good 


test of the reliability of various devices. 
A fitting climax to this meeting was provided by a 
question from Charles Hirsch, of the Hazeltine Elec- 


tronics Cx irporation. 


phrase of his remarks. 


I am sure he will permit a para- 


endorse them. 
same way. 


173 


versity or college. Experience: 8 years with 
aeronautical research institutions, 9 years with 
leading airplane companies. Some experience as 
pilot, some 20 publications in the field of applied 
aerodynamics, some 50 technical reports, experi- 
ence in lecturing. Applicant is aware of the 
present situation because of the military draft of 
students; wants, however, to establish contact for 
future openings. * Detailed information will be 
submitted on request 


279. Aeronautical and Mechanical Engineer 
M.S. in M.E.; Experi 


ence of 14!/3 years includes ram-jet and rocket 


Professional Engineer 


test equipment and process engineering develop- 
ment, propeller design and vibration research, 
electronic automatic landing equipment develop 
ment, automatic heating and machine tool design 
and development. Has conducted aircraft design 
and related courses as assistant professor in eastern 
college. Thirty-nine months as project officer in 
Air Materiel Command, Engineering Division, 
propeller and instrument laboratories, with final 
rank of Major. Has 


security clearance 


Navy and Air 
Will relocate if attractive 


Force 


277. Sales Engineer—Position sought with 
firm requiring the services of a graduate engineer, 
age 30, capable of handling field contact responsi 
bilities on a high plane. Single and free to travel 
extensively Past experience includes technical 
representation, sales in automotive supply and 
field, and _  flight-test engineering 
Presently located on West Coast but will relocate 


accessory 


267. Administration—Age 31, single. A.B. 
degree, University of Pennsylvania Major in 
administration; courses in industrial and aero 
nautical engineering 
testing in last 


Almost six years in aircraft 


position. Desires permanent 
position as junior Administrative Assistant or 
equivalent, with opportunity for advancement 


Philadelphia area 


“Now that we have heard about these wonderful 
devices for our airplanes and our new traffic-control sys- 
tem, will we have agreement among the various groups 
to use these things in order that the aviation world will 
continue to make progress?” 


This penetrating thought will be recognized as the 
crux of the matter. 


mains for the engineers, 


Know-how is available. It re- 


manufacturers, operators, 


pilots, regulatory agencies, and all the rest to work to- 
gether to achieve the desired aims of aviation. 


A good 


way to ensure harmonious and sensible action is to 
learn each other's problems in open meetings such as 
this All-Weather Symposium. 


Speaking strictly as an individual air-line pilot, I 
should like to add that the views expressed at this sym- 
posium make good operating sense, and I heartily 
I am sure many other pilots will feel the 


Plin Now te Attend Annual Summer Meeting 
Los Angeles, June 27-29, 1951 
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A 
Acushnet Process Company... 163 
Aeronautical Engineering Catalog. .............. 147 
Aeroproducts Division, General Motors Corporation 71 


* Air Associates, Inc 


% Airborne Accessories Corporation .............. 58 
AiResearch Manufacturing Company Division, The 
Allegheny Ludlum Steel Corporation............ 133 
Allison Division, General Motors Corporation. .... 93 
Allison Radar Corporation. 172 
Aluminum Company of America............. 141, 155 
American Phenolic Corporation................- 98 
* American Steel & Wire Company, United States 
Steel Corporation Subsidiary................. 129 
Applied Science Corporation of Princeton, The.... 81 
Arkwright Finishing Company................-- 138 
Arma Corporation, American Bosch Corporation 
B 
Bardwell .& McAllister, 172 
Bauer & Black Division, The Kendall Company..... 176 
Bendix Aviation Corporation 
Bendix Products 119 
Eclipse-Pioneer Division. 99 
* Scintilla Magneto 79 
Berkeley Scientific Corporation................. 160 
Bishop Manufacturing Corporation .............+.-. 157 
Boeing Airplane 168 
Bridgeport Thermostat Division, Robertshaw-Fulton 
Bunhill Publications 153 
Cal-Aero Technical Institute. 159 
% Cannon Electric Development Company, Division of 
Cannon Manufacturing Corporation............ 92 
% Chicago Metal Hose Corporation............... 144 
%& Clifford Manufacturing Company Division, Standard- 
Sigmund Cohn 171 
Curtiss-Wright Corporation, Wright Aeronautical 
D 
Douglas Aircraft Company, Inc............... 108, 109 
ow <sorming « 162 
Dynamic Air Engineering Inc................- 142, 143 
E 
Eastern Heat Treating & Brazing Corporation....... 171 
* Eclipse-Pioneer Division, Bendix Aviation Corpora- 


Index is 


Electrical Engineering and Manufacturing Corpo-a- 
Electro Products Laboratories 


Electronic Engineering Associates, Ltd........... 148 
Emerson Electric Manufacturing Company, The..... 167 
A. H. Emery Company, The.........Inside Front Cover 
Engineering Developments 159 
F 
% Fairchild Engine and Airplane Corporation 
Fairchild Engine 137 
Guided Missiles Division... 97 
Fulton Sylphon Division, Robertshaw-Fulton Con- 
G 
Garrett Corporation, The, AiResearch Manufacturing 
% General Electric Company 
Aircraft Gas Turbine Divisions................ 106 
% Apparatus Department. 115 
General Motors Corporation 
G. M. Giannini & Company, Inc................ 170 
B. F. Goodrich Chemical Company.............. 59 


Goodyear Tire & Rubber Company, Aviation Prod- 


H 
Hamilton Standard Division, United Aircraft Cor- 
Hermetic Seal Products Company............... 95 
Holley Carburetor 56 
Hydro-Aire Incorporated .................Back Cover 
Imperial Pencil Tracing Cloth, Keuffel & Esser Com- 
Industrial Sound Control, Inc... 76 
International Nickel Company, Inc., The.......... 2 
J 
K 
Kendall Company, The, Bauer & Black Division.... 176 
Keuffel & Esser Company, Imperial Pencil Tracing 
Walter Kidde & Company, Inc...............4-: 105 
Kollsman Instrument Corporation................ 149 
Krohn-Hite Instrument 161 


i. 
Lamb Electric Company, The... 
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A duertisers 
Lockheed Aircraft 167 Sandia Corporation. ........... 151 
> Lord Manufacturing Company................-. 150 *Scintilla Magneto Division, Bendix Aviation Cor- 
Shafer Bearing 104 
*%Simmond Aerocessories, 107 
9 M ae Electric Valve Division, The Skinner Chuck 
D. E. Makepeace Company.......... Inside Back Cover ee Company, Division of The 7, 153 
7 ENE Stewart- Warner Corporation, South Wind Division. .74, 75 
Sun Radio & Electronics Company Inc........... 171 
3 Surface Combustion Corporation, Aircraft-A.utomo- 
North American Aviation, Inc..............-- 157, 167 
1 Telecomputing 101 
Tensolite Insulated Wire Company, Inc........... 154 
6 re) Thompson Products, Inc., Electronics Division. ..... 65 
1 
3 U 
0 United Aijircraft Corporation, Hamilton Standard 
United States Aviation Underwriters Incorporated.. 170 
1 Pacific Division, Bendix Aviation Corporation..... 139 United States Rubber Company................. 77 
3 
5 R Vv 
6 Vellumoid C 159 
er Radiomarine Corporation of America............. 4 
Reid Division, The, The Standard Products Company 69 
Republic Steel Corporation, Alloy Steel Division.. 125 
Resistoflex Corporation... 103 Ww 
Rigidized Metals Corporation. . . 114 
Robertshaw-Fulton Controls Company, Fulton ‘Syl- Weston Electrical Instrument Corporation......... 102 
6 phon Division and Bridgeport Thermostat Division 73 Winchester Electronics Inc................e0 eee 91 
; * Specifications and further information on the aircraft 
products of these companies will be found in the 
1951 AERONAUTICAL ENGINEERING CATALOG 
The only publication of its kind devoted exclusively to the aircraft industry, 
16 this CATALOG serves as a valuable buyers’ and reference guide to sources 
and specifications on aircraft materials, parts, and accessories. It is dis- 
16 tributed annually to Chief Engineers, Designers, Production Heads, and 
)5 Purchasing Departments of all leading Aircraft, Aircraft Engine, Instrument, 
19 Accessory, and Aircraft Parts Manufacturers; Air Transport Companies; 
1 Army, $y ue and Governmental Agencies; Research Organizations; Engi- 
neering Libraries; etc. 
Published Annually by 
INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street New York 21, N.Y. 
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THE NEW 


INDUSTRIA 


Polyken Tape No. 290 makes such a first-rate wrap- 
ping for hot air ducts in planes that it’s used exclu 
sively for this purpose by Braniff International 
Airways 

This amazing new tape combines a Fiberglas* 
backing with a special flameproof, thermosetting 
adhesive to produce a heat duct wrapping second to 
none, withstands temperatures of over 300°. Bear 
this in mind next time you have a job that’s too hot 
for other tapes to handle, and get yourself Po/yken 
No. 290. 

Fxtra strong to begin with, the adhesive qualities 
of Polyken No. 290 actually improve with age, and 


with increases in temperature. Yet No. 290 can be 


Polyken Industrial Tape, Department of Bauer 


ENGINEERING 


At last-a heat 


duct wrapping 
as flameproof as glass! 


REVIEW—MAY, 1951 


TAILORED TO YOUR 108 


Tape treatment for a plane’s hot 
Spots. Braniff International Airways 
plays it extra safe by wrapping these 
heating ducts of a DC-6 with the tape 
that stands up under high tempera- 
tures— Polyken No. 290. 


pulled off for overhaul work, and when it comes off 
it comes off clean. High resistance to solvents and 
moisture. Sticks to any surface as well as its own, 
and conforms to rough and irregular areas. 

Write for free samples of Polyken No. 290 today. 


*Reg. U.S. Pat. Off. by the Owens-Corning Fiberglas Corp. 


FREE SAMPLES. Write now for free engi- 
neering and application data, plus samples of 
Polyken No. 290. Address Polyken, Dept. 
AEE, 222 W. Adams St., Chicago 6, Illinois 


& Black, Division of The Kendall Company 
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With nearly sixty years experience in the pro- 
duction of both laminated and solid precious 
metals, MAKEPEACE is today an accepted “head- 
quarters” for the many special precious metal 


products and assemblies called for in the electronic 


field. 


Silver or gold, or platinum, or palladium, or 
their alloys, are bonded to the required base metal, 
such as copper or bronze alloys, to produce the 
required operating characteristics at real savings 
in cost over solid precious metals. 

Today, rings are used in special electric motors, 
calculators and computators, radar, fire control 
instruments, potentiometers and many other elec- 
tro-mechanical devices. 

Laminated tubing is increasingly called for in 
the new higher frequency R. F. plumbing . . . for 
wave guides... and for coaxial line segments. 

MAKEPEACE maintains a fully equipped re- 
search and testing laboratory .. . as well as a staff 
of thoroughly experienced metallurgists, chemists 


and consultants . . . all at your service. 


Your inquiries are cordially invited and will 


receive our prompt and interested attention. 


D. E. MAKEPEACE COMPANY 


Laminated and Solid Precious Metals for Industrial Use * Fabricated 
Parts and Assemblies * Bar Contact Material + Precious Metal Solders 


MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 
NEW YORK OFFICE, 30 CHURCH STREET 
CHICAGO OFFICE, 55 EAST WASHINGTON STREET 
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